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ABSTRACT 

A federally sponsored project was designed to 
incorporate a memory-assessment task amd a memory strategy into a 
computer-based instructional system for assessing and assisting in 
remediating basic memory-processing and metacognitive deficiencies. 
The project resulted in an instructional system for school-aged 
children and youth with mild to moderate mental retardation as well 
as those with learning disabilities. The computer-based system is 
based upon an ordered recall task with a circular recall strategy. 
The system breaks the circular recall memory strategy into its 
component parts, trains each separately, and then chains the 
components together. The project involved substantiation of the 
useability and design of the instructional system, creation of the 
system, field testing and refinement, and preparation of a marketing 
plan. This final report describes activities carried out to complete 
project tasks. The report's appendices comprise the bulk of the 
document. Appendixes A and B provide the final design report and an 
addendum, outlining the significance of the problem, the population 
to benefit from the system to be developed, project timeline, 
computer screen layouts, plans for testing, commercisa publishers' 
feedback, and other project information. Other appendices provide a 
user's manual, field test plan, final marketing plan, field test 
report, preliminary marketing plan, and software coding 
documentation. (Approximately 120 references in Appendix A) (JDD) 
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Task 30 1 - Substantiation of Useability and Dusign of the 
Instructional Systems 



The Final Design Report subiaitted in the spring of 1985 contained 
the Substantiation Report, program design specifications 
incorporating reviewer-suggested changes, and coniBents regarding 
the feasibility, useability, and marketability of the software by 
educational software publishers. A copy of the Final Design 
Report nay be found in Appendix A. The following paragraphs 
provide additional detail regarding the specific activities 
subsumed under Task 301. 

301.1 - Completion of Substantiation Report 

A substantiation report was prepared in January and February 
of 1985. This report described the nature and significance 
of the targeted problem in the education of students with 
mental retardation and learning disabilities based on an 
extensive literature review, detailed the specific features 
of the instructional packages and how they were to be 
assembled and programmed, and presented project timelines, a 
listing of components and costs, a work distribution plan, 
field test plans, a statement about the size and nature of 
the population, and a marketing distribution plan. 

301.2 - N arrative Description of Programmatic Content 

The narrative description, labeled The Program Narrative, 
was developed in January and February of 1985. Included in 
this package was a description of the program along with 
general program information; a document describing specifics 
of the program such as timing and criterion parameters 
written specifically for the programmers; a narrativ'> 
containing screen-by-screen text detail regarding screen 
activity, verbal instruction, and 'text instructions; layouts 
of all screens comprising the program; and a description of 
the video game to be embedded in the software package. 

301.3 ^Solicitation and Incorporation of Feedback 

Following completion of Tasks 301.1 and 301.2, these 
documents were sent to expert consultants in the fields of 
cognitive psychology and special education technology. They 
were asked to comment on the rationale underlying the project 
as well as on the appropriateness of the software design. 
After the Program Narrative and accompanying documents were 
sent to each reviewer, follow-up telephone calls were 
made upon receipt of their written feedback. 

The reviewers' comments, directed towards the instructional 
design aspects and the technical use of the computer's 
features, were very favorable. Reviewer comments were 




positive and supportive of the manner in which the software 
design captured the essence of the target cognitive 
task« Project staff worked with the Prograa Design 
Consultant to incorporate specific recoffl»endat ions on the 
structure and dynamics* Having made the necessary 
modif icat ions to the written documentation, project staff 
submitted the Final Design Report, This document included 
the Substantiation Report along with the updated Program 
Narrat i ve , 

An additional activity to be included in the work subsumed 
under this task was the submission of copies of the Final 
Oes ign Report to a sample of persons represen tat i ve of the 
eventual producers and distributors of the software. The 
purpose of the review was to provide feedback regarding the 
useability, suitabilty, and marketability of the software. 
Owing to the competitive dynamics of the educational 
software industry, project staff experienced difficulty in 
securing the assistance of many of those approached* The 
time period required for their review and return of comments 
exceeded that originally projected, thus forcing project 
staff to submit the Final Design Report to the federal 
government without this information. Once feedback had been 
received from all reviewers, it was incorporated into an 
addendum document and forwarded to the federal government* 
A copy of this addendum report may be found in Appendix B, 

Task 302 - Creation of the Instructional System 

The task of creating an instructional system such as the one 
proposed in this effort is multi-faceted and complex- For 
instance, it requires that the project team maintain an awareness 
of hardware and software limitations without losing sight of the 
goals of the project. Further, owing to the rapidly changing 
educational computing market, an awareness of current market 
trends is essential in order that a software product might be 
responsive to the immediate and near- future needs of the 
nation's schools. The instructional System in its finished state 
is a much more refined entity than that proposed in the Final 
Design Report. This came about through a continual evolutionary 
process as we encountered choice points and determined the best 
solutions based on pedagogical and technological considerations, 

A prime example of such a choice was the decision to request a 
modification to the contract that would allow the software to be 
designed for MS-DOS computers rather than the Commodore 64* At 
the time that the original proposal was written, the Commodore and 
the Apple // series of computers comprised the majority of 
machines in the schools. In the short time between proposal 
submission and the commencement of programming activity for this 
software, the market had shifted and the MS-DOS computers were a 
strong contender in the e due at ional comput ing marketpl ace . 
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Project staff verified the validity of these trends through 
consultation with a number of experts before suggesting that a 
change be raade to the contract. Consequences for the project 
beyond the obvious programming changes were the need to purchase 
MS-DOS computers and peripherals to replace the Coiajaodore 
equipment purchased originally. This entailed the need for 
decisions regarding speech output systems, graphics packages, and 
a redesign of some components of the software. These chantjes 
added considerably to the length of tine required for project 
complet ion . 

The process by which project staff and programmers worked 
interactively as the programming activities were conducted was a 
strong point of this project. Programming proceeded according to 
the specifications set forth in the Program Narrative, and 
demonstration disks were sent to project staff for review 
following the completion of each component. Staff would review 
the disks and then discuss and return a list of necessary changes 
to the programmer. At times these changes would be a matter of 
relatively simple reprograraming; at other times the requested 
change was incompatible with hardware or software limitations, 
and in these cases the programmer and project staff would work 
together to identify the solution that was technically feasible 
while continuing to maintain task integrity. This process of 
programming and refinement was a very difficult and time- 
consuming one for a software package this complex. The original 
amount of time allotted for software completion turned out to be 
inadequate; thus, project staff requested no cost time extensions 
to the contract in order to accommodate these time overruns. 
These were sound decisions as it was essential to the field tests 
that we have a complete, valid, and reliable software package to 
present to the student subjects. 

The programming activities were begun i,n the spring of 1985 with 
the hiring of the first of three programming teams. The 
workscope was underestimated by all three teams and project staff 
found it necessary to terminate subcontracts with the first two 
teams. The third programming team, who also encountered severe 
time overruns, nevertheless demonstrated a keen understanding of 
the target product and a willingness to work with project staff 
toward the goal of a finished product. In order that the project 
might be completed as swiftly as possible, project staff 
determined that the benefits to retaining this programmer 
outweighed the risks inherent in continuing a relationship that 
had resulted in behi nd-schedu le performance. 

302.1 - Construction of the Flowchart and Operational 
Program Program A 

The first programming team that was hired for the task 
became unable to complete the work in a timely manner due to 
the loss of key personnel. Therefore, a second programming 



team was subcontracted to do the work. The workplan called 
for the Apple version of the software to be prograroaed 
first, so th<i prograiaroinif team began by working closely with 
project staff to rev lew and discuss program flow, tue 
student/ joystick and light pen interfaces, the driver 
routines, and the static and aoving graphics screens. 
Project staff periodically reviewed development work* 

The team encountered unexpected difficulties in developing 
the machine code interface routines for the Gibson Light Pen 
and the Ufonic Speech System* To successfully develop these 
routines, listings of the products* machine code drivers were 
required, Steve Gibson, the designer of the sophisticated 
Gibson Light Pen, had left Koala Technologies and no one in the 
company was ab J e to provide the support in his absence, A 
short time lat ?r, Steve Gibson was located and provided the 
necessary information. Unfortunately, this information turned 
out to be incomplete, and the programming team was required 
to completely rewrite the routines, Ufonic honored their 
agreement to provide their proprietary routines; however, 
their bureaucratic policies created a delay of close to four 
weeks prior to their release. When this information finally 
arrived, it turned out to be incompatible with the software's 
programming language, necessitating a large amount of 
reprogramming . 

After solving the problems with the lightpen and speech 
routines in September 1985, programming work on the main body 
of the software proceeded fairly smoothly until December. At 
that time, when the programming team attempted to link 
together all of the completed modules using the "C" 
compiler's linker program, the system would lock up and the 
modules would not execute. Several unsuccessful attempts 
were made to circumvent the problems in the compiler's 
linker, and the technical support personnel at the company 
that developed the compi ler were not helpful • Our 
programmers rewrote the faulty sections of the compiler 
code, and this permitted successful linking on an Intel 
80186-based machine* Although communication between this 
machine and the Apple had been established, this 
communication was still faulty and hindered attempts to link 
completely the program on the Apple, 

At this point project staff realized that, even considering 
the severe and unanticipated problems that had surfaced with 
the light pen and speech sys tem dr i ver routines and the 
problems with the compiler, the programming team was nut 
making sufficient progress to aZlow the entire project to be 
completed within the timeframe set forth. Thus, applicants 
were interviewed for the position, and in April 1986 a new 
programming team was hired. 



Although there was some initial difficulty in getting the 
old programaing teas to surrender all relevant aaterials to 
the new programmer, this was eventually achieved. It was at 
this time that project staff, after consultation with 
national experts, recomnended to the federal government a 
revised workplan to develop the second version of the 
software for MS-DOS ffla.chines rather than the Commodore. 
Given this change, the new programming teas presented 
project staff with a plan that would concentrate on 
finishing the MS-DOS version first. The rationale for this 
plan was that the MS-DOS machine was a much better machine 
on which to develop code, and once the bugs had been worked 
out of the MS-DOS version, it would be relatively simple to 
port to the Apple. This new approach involved an initial 
port of what had been completed on the Apple by the previous 
programmer to the MS-DOS machine, then all subsequent 
programming done on the MS-DOS machine, and then a final 
port of the MS-DOS version back to the Apple, at which time 
any sections of code that did not port well would be 
ref ined. 

The new programmer worked witR project staff to identify a 
speech system and a light pen that would be most appropriate 
for inclusion in the MS-DOS equipment package. After 
examination of several speech output systems, the Echo PC 
synthesizer was selected. To enhance the intelligibility of - 
the speech, we opted to use digitized rather than 
synthesized utterances, which involved a significant amount 
of custom encoding of words. The benefits to using the Echo 
were several; foremost among these is that the Echo is the 
speech peripheral moat commonly found in educational 
settings. In addition, the customization of words for the 
MS-DOS machines also makes them available for use with the 
Apple system as well. In regard to the light pen, the 
programmer's investigation of reasonably-priced light pens 
led him to choose one from FTG Data Systems. This proved to 
be a very good choice, and the FTG representatives further 
assisted the project by making aUoan of five additional 
pens to assist us in our field test endeavors. 

The new programming team required a good deal of time to 
become familiarized completely with the work that had been 
done previously and with the specifications for the 
remainder of the work. Among the problems that the chief 
grogrammer needed to solve were the refinement of the 
routines involving the input interface; all confounds needed 
to be removed from the system so that we could be sure that 
the data gathered reflected student performance only and not 
any additional factors introduced by the hardware or 
software. This was especially crucial in regard to the 
lightpen activation subroutines and the routine that 
measured student pause times. 
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The amount of time allotted for student activity and the 
branching routines that were activated in response to student 
input were other aspects of the original prograaming that 
required quite a bit of refinement. The programmer also had 
to rework the video tjnroe and create the reward screens that 
were intended to increase student motivation. The 
programming language chosen for its portability to other 
machines is not a particularly good language in which to 
code graphics, and consequently we opted to modify the 
heavily graphics-dependent reward screens to present short 
musical selections along with a very simple graphic. 

302.2 - Constr uction of the Flowchart and Operational 
Program — Program B 

As described above, since the MS-DOS computers are better 
development machines, the Apple lie version of the software 
became Program II. Once construction and refinement of 
Program A was completed, it could then be ported to the 
Apple and refinement of Program B could begin. The porting 
was relatively straight-forward. Our expectations on areas 
of the Program A code that may not port well were borne out. 
Extensive re-coding and new coding were required in the 
following areas: (a) the graphics prompting screens, (b) 
graphics characters, (c), the videogame, (d) the music 
transition screens, (e) precise real-time pause time 
measurement, (f) the lightpen routines, (g) limited RAM for 
the assessment overlays, and (h) cursor control. 

302.3 - Alpha Testinit and Refinement — Program A 

As mentioned previously, an efficient process evolved whereby 

the programmer delivered work-to-date to project staff, and 

staff conducted a thorough review, testing each operation and 

the paths leading to and from various modules. A review 

period typically consumed three full days or more. Following 

completion of the review, specific comments would be returned to the 

programmer that specified the location and nature of the 

problem and presented potential solutions if one was not 

readily apparent. These feedback lists typically elicited 

some protestations from the programmer in which he cited the 

inability of the hardware to support various software 

functions or the extreme time costs- of proposed changes. 

Project staff attempted V/henever possible to take tht? 

programmer's comments into cons id'?ra t ion when determining the 

extent to which these issues needed to be addressed for the 

final version of the software. In some instanct?s project 

staff conceded and removed an item from the list of 

necessary changes; in other cases, the rationale for the 

importance of the item in relation to the integrity of system 

design was highlighted for the programmer and an appropriate 

course of action was determinctd by those involved. 
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A number of persons were involved in review of the software 
at this point. At least six professionals and research 
assistants conducted thorough examinations, and several 
students in the public schools also participated in working 
out the bugs in the field test-ready version. These 
students were not included in the subject pool for the 
eventual research study . 

A great number of months were spen t debugging the software 
according to the procedure described above- With over 175 
separate modules , tes t i ng was a very time consuming and 
prec ise undertaking* Making this tes ting even more 
difficult was the transient nature of some of the prob lems - 
In addition, the complete software needed to be recompiled 
every time a modification was made, and this process itself 
often caused new problems to surface. The finished code is 
quite sophisticated and represents extensive refinement and 
enhancement . 

302.4 - Al pha Testing and Refinement Program B 

The alpha testing and refinement of Program 3, the Apple lie 
version, proceeded in much the same manner as described in 
Activity 302,3 above. Because of the comprehensive nature 
of the instructional system, including student demographics, 
student customization, assessment, strategy training, reward 
transition, videogame, data recording, statistical analysis, 
data reporting, pre-test, and post-^test sections, the alpha 
testing and refinement process was labor-intensive. An 
increased number of overlays were necessitated by the 
Applets limited memory addressing capability and available 
RAM. 

302.5 - Preparation of Program Poyumentat ion 
Programs A and B 

Although the user^s manual was initially scheduled to be 
prepared after the completion of ^ programming, it was decided 
that it would be beneficial to the programming task if the 
manual were prepared much earlier in the process. 
In this way, the programmers would have ready access to a 
description of the program as it should run. Our programisers 
concurred that this sort of a description was extremely 
helpful to them because it allowed them to see how the system 
should look to an eventual user. Therefore, a draft of a manual 
that was in accordance with the specifications contained in 
the Program Narrative was prepared before programming 
commenced. We realized at the time of its creation that it 
would not be the final version of the manual; as refinements 
to the software occurred, info rmati on within the manual 
would be changed accordingly. Thus, the manual that is 
presented as Appendix C represent^j the final project draft 
upon which ab eventual publisher could build a commercial 
vers ion * 




As the software development proceeded, technical 
docufflcntution of the coding also progressed. This 
docuBentat ion is vital to the provision of technical 
support, and enhancement, by an evenetual publisher. This 
technical documentation of the coding is presented in 
Appendix H. 

Task 303 - Field Testintf and Refinenip.n^t 

Field testing was a vital component in the development process 
because field test results verified the validity of the 
instructional package's design- The activity subsumed under this 
task involved the development and presentation of a research 
proposal to representatives of the Dallas Independent School 
District, training of research assistants, the actual field 
evaluation with 60 subjects, refinement of the software based on 
observations made during field testing, analyses and 
interpretation of the data, and the preparation of a field test 
report . 

303.1 - Prepnration of the Fiel d Test Plan 

A field test plan was one of the required deliverables for 
this project. Included in the plan sent to the project 
officer were a description of the aain research questions; a 
discussion of the significance of the problem and the 
rationale underlying the software design; a description of 
the subject population, uieasureinunt instruments, general 
procedures, research design; presentation of personnel 
requirements; and samples of the interview questions and 
consent letters developed for use in the schools. A copy of 
this plan is included as Appendix D. 

303.2 - Teacher Training 

In the original proposal the field testing was to be 
conducted by teachers in their classrooms. Given the 
overwhelming demands already pladed on classroom teachers, 
however, it was decided to conduct the research under the 
supervision of research assistants. The benefits to this 
choice were two-fold: first, the teacher did not have to 
take time away from classroom activities; and second, having 
multiple research assistants allowed trial-by-trial monitoring 
of performance. The rigors of the research design dictated 
that such precise monitoring be assured. This change to 
the original plan was reflected in the Field Test Plan. 

303.3 - Eva luation with Studo nts and Teache?rs 

A total of 60 students were identified to serve as subjects. 
These students were located in a total of 15 schools in the 
Dallas Independent School District. The district had 
difficulty securing informed consent for several students' 



participation, and some new subjects needed to be identified. 
All students were pretested using the pretest capability of 
the software, and half were randomly assigned to the training 
condition* In total, 3--1/2 months were needed to permit 30 
students to complete the intervention training software and 
to complete the subsequent post-testing of all 60 students • 
In addition to their participation as subjects in a study of 
the efficacy of the system, students ' opinions regarding the 
software package were solicited and information was gathered 
concernrng their familiarity with computer-assisted 
ins t ruct i on and other comput er-rel at ed act i v i t ies , 

Evaluat ions regarding the software * s appeal and useab 11 i ty 
were also to be sought from teachers • Arrangements were made 
with the school district to release selected teachers from 
their classroom duties for one dey to allow them to attend a 
workshop in which the software would be presented for their 
study and evaluation* The workshop was designed to assess 
teachers' opinions of the design of the system before they 
had hands--on experience with it, and then to follow-up the 
hands-on portion with an evaluation of the software's 
appropriateness for their students. Due to the programming 
delays, which in turn placed extreme time constraints on the 
field testing, the school year ended before we had an 
opportunity to conduct the teacher workshop. Since this 
activity has already been designed and approved, it will be 
easy to conduct the workshop during the next school year. 

303.4 - Analysis and Interpretation of Field Test Data 

The analyses to be conducted on the field test data were 
described in the Field Test Plan, Analyses and 
interpretations can be found in the Field Test Report 
section. Additional analysis and ; subsequent interpretation 
is planned. The results of this research project will be 
documented and submitted for publication in leading 
professional journals. All materials resulting from the 
project will acknowledge the support of the Department of 
Education, and copies of all materials developed will be 
forwarded to the project officer. 

303.5 - Final Refinement of Hardware and Software 

As was mentioned previously in this report, software 
refinement was an cngoing process . A smooth 1 y^runn ing 
instructional package is the final product of this project; 
however, there are several recommendations that we would 
suggest to the eventual publisher of the system to make it 
even more effective and responsive to the needs of various 
user populations. These enhancements are based on 
information gained from the field test results. More 
information on this topic is located in the Final Market ing 
Plan, which can be found in Appendix E. 




303.6 - Submission of Field Test Report 

The Field Test Roport was prepared in order to describe the 
data collection efforts-and to present the data analyses and 
interpretation. As one of the final deliverables, it is 
included in this report as Appendix F. 

Task 304 - Prepara tion of Marketing Plan and Recommendati ons 

The work subsumed under this task concerns the activities 
designed to facilitate transfer of the product of this project to 
a capable software publisher for eventual cofflinercial 
distribution- Although this is an area that often receives 
little emphasis, this project was active in seeking the opinions 
and recommendations of eventual publishers throughout the course 
of the project period and in motivating several publishers to 
consider this software package for inclusion in their commercial 
of f er ing . 

304 . 1 -- Submission of Prelimi n ary Marketing Pla n 

A preliminary marketing plan was one of the deliverables 
under this contract. It was submitted to the federal 
government during the course of the project; a copy of this 
report may be found in Appendix G. 

304.2 - Submission of Marketing Plan for Evaluation by at 
Least Two Potential Producers/Distributors 

Approximately 20 publishers were contacted with information 
about the project at the conclusion of data collection when a 
refined version of the software was available for 
demonstration. They were invited to contact project staff if 
they were interested in participating in a full-day 
demonstration of the software that would include discussions 
about its eventual commercial marketing. Several companies 
responded, and at this writing two have travelled to Texas for 
demonstrations, and two others a^e considering making the 
trip. The results of these activities are discussed in the 
i inal Marketing PI an, which is enclosed as Appendix E. 

304.3 - Submission of Final Marketing Flan Incorporatin g 
Feedback from the Field 

The Final Marketing Plan is a deliverable under this contract 
and is included as Appendix E. It serves as a summary of 
our activities with commercial publishers to date and 
outlines our plans for timely transfer of the software to a 
marketer and our comm i tment t o cont inued involvement and 
information dissemination in regard to the products of this 
project . 
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Statement of the Problem 

The most conuaon informal observation about mentally retarded children 
and youth is that they do not "learn" as quickly or thoroughly as 
their nonretarded peers. Over the past 15 years of research, these 
observations have been well substantiated. However, a large volume of 
investigations indicates that these learning problems in many persons 
with mental retardation are primarily caused not by deficiencies in 
learning ability per se, but by deficiencies in the person's memory 
which underlies learning (Belmont & Butterfield, 1969; Detterroan, 
1979; Ellis, 1970). Several researchers have succeeded in their 
attempts to improve the memory processes of persons with learning 
difficulties (e.g., Belmont & Butterfield, 1977; Bray, 1979; Brown, 
1978; Kramer & Engle, 1981; Undgren & Richman, 1984; Swanson, 1983; 
Torgesen, Murphy & Ivey, 1979). 

This project incorporates one of the best and roost frequently used 
memory-assessment tasks along with the most effective memory strategy 
for that task into a computer-based instructional system for assessing 
and assisting in remediating basic memory-processing deficiencies. 
The computer-based system heightens the potential for learning since 
it incorporates many of the features found to enhance retention by 
leading cognitive psychologists and special educators. 
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Significance of the Problea 

Initially, the poor oenory of persons with mental reterdetion was 
attributed to immutable defects in their neurological system (Ellis, 
1963), As research techniques and theories becojne more refined, 
however, the precision in the understanding of memory deficiencies 
steadily increased. The most important influence in this movement was 
the development of sophisticated theories of oemury based on computer 
information-processing models of mental functioning in nonretarded 
persons (Atkinson & Shlffrin, 1968; Waugh & Norman 1965). Vfhen 
translated from the field of theoretical cognitive psychology to the 
field of mental retardation (Ellis, 1970), they prescribed a whole new 
way of conceptualizing the mental activity of a person with mental 
retardation and pointed the way to a number of possible causes for 
memory deficiencies. 

In the new conceptualization, memory is held to be comprised of two 
components, short-term memory (STW) and long-term memory (LTM). 
Short-term memory is limited in capacity and relatively brief in 
duration, i.e., approximately 30 seconds. 'Success in dialing a 
telephone number that a person has just looked up in a telephone book 
but the failure to recall it 30 minutes later is an example of the use 
of SW. Long-term memory, on the other hand, is considered to be of 
unlimited capacity and of permanent duration (Waugh & Norman 1965). 
Recalling the name of a favorite dog from childhood is an example of LTM. 

The important task of transferring needed information from STM to LTM 
is primarily a function of active mental processing of that 
information. There are a number of voluntary rehearsal or encoding 
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strategies that an efricient learner can employ to store the necessary 
information in LTO for later retrieval and use (Atkinson & Shiffrin, 
1968, 1971). The more a person uses a cognitive strategy, the less 
mental effort it requires and the more automatic it becomes (Shiffrin 
& Schneider, 1977; Sternberg & Wagner, 1982). 

While developing a repertoire of memory strategies, it is important 
for a learner to recognize the type of memory demands that a 
particular task presents, recognize the memory strategies (s)h€ has 
available, and choose the most appropriate one to use (Brown, 1978). 
These strategies about how to use one's memory strategies have been 
called "inetamemory" or "metacognitive" skills. In essence, these are 
memory-management and logical-reasoning skills, and have been likened 
to an executive who makes decisions about how and when to use his 
resources (Butterfield & Belmont, 1977). Without metacognitive 
skills, a person who possesses memory strategies that would be 
adequate for successful performance on a particular task is passive 
and fails to employ them. Consequently, it has become increasingly 
recognized in instructional psychology that metacognitive skills are 
at least equally as important as memory skills in the cognitive 
functioning of successful learners (Brown, 1978; Flavell & Wellman, 
1977). 

Given this growing body of knowledge on efficient cognitive 
processing, it was logical for researchers in the field of mental 
retardation to heavily investigate these fundamental processes 
underlying successful performance. One such area to be investigated 
was the presence or absence of the use of metacognitive processes by 
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mentally retarded persona (Butterfield & Belmont, 1977} Campione & 
Brown, 1977). Serious deficiencies are pervasive across the 
population of mildly and moderately retarded persons. Little 
scientific data exists in this area for severely and profoundly 
retarded persons, largely because of the lack of any identified 
reliable methodology by which such information can be obtained. The 
basic presumption, however, that memory deficiencies are lauch more 
pronounced in the more severely handicapped persons is starting to 
receive some empirical support (Ashman, 1983; Ellis, Deacon, Harris, 
Poor, Angers, Diorio, Watkins, Boyd, & Cavalier, 1982). 
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Prior Attempts to Solve the Problem 

With the consensus that memory and metacognitive process deficiencies 
represented a critical problem for persons with mental retardation, 
interest became very intense in determining the extent to which they 
could be remediated. Extensive research attention turned towards 
developing an array of effective instructional techniques to impart to 
deficient information processors the rehearsal and metacognitive 
strategies of efficient information processors. The basic assumption 
underlying this research, and the work of this project, was that if 
basic process deficiencies exist and remain uncorrected, they will 
compound higher-level areas of functioning and frustrate instructional 
efforts. As a result of this new research, increasingly sophisticated 
techniques to identify the specific process deficiencies and then to 
remediate these deficiencies have been emerging (Belmont & 
Butterfield, 1977; Bray, 1979; Brown, 1978; Carapione & Brown, 1977; 
Glidden, 1979; Hagen & Stanovich, 1977; Kramer & Engle, 1981). 

Given the stunning success of many of these instructional techniques 
in training persons with mental retardation to significantly enhance 
their memory and learnirfg performance through the use of cognitive 
strategies, research efforts have most recently been broadened to 
include the critical development of instructional techniques for the 
maintenance and generalization of the use of these cognitive 
strategies across ti.ne and situations (Belmont, Butterfield, & 
Borkowski, 1978; Belmont, Butterfield & Ferretti, 1982; Borkowski & 
Cavanaugh, 1979; Butterfield, 1981; Butterfield & Ferretti, in press). 
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The conclusions that must be dravm frora the information presented 
above are that (a) a significant and pervasive problem in memory 
exists in the lives of persons with mental retardation, (b) these 
problems are the result of deficiencies in basic meiaory and 
metacognitive processes, (c) assessment techniques are available to 
identify the specific process deficiencies, and (d) instructional 
techniques are available to remediate. those deficiencies. 

Given the reliability and sophistication of the information on menmry 
processes in mental retardation derived from the work of instructional 
and cognitive psychologists in the area, it is disconcerting how 
little influence this information has had on direct instructional 
techniques in special education for students with mental retardation 
(Pressley, Levin, & Bryant, 1983). While there has been some cross- 
over (e.g., Taylor & Turnure, 1979), the impact has been relatively 
small, considering the magnitude of the problem and the importance of 
this research for remediation. The factors accounting for this lack 
of transfer to special education are not definitively known, but they 
most likely include (a) the relatively short time that the information 
has been in the public domain, (b) the somewhat separate vehicles for 
professional communication in the two fields, e.g*, different journals 
and conferences, and (c) the relatively unwieldly nature of much of 
the equipment and materials required by this assessment and 
instruction. This project will take major steps to both increase the 
speed with which the necessary cross-disciplinary dialogue is taking 
place and provide a powerful technology-based instructional aid for 



special education classrocwi use which circuiavents the major technical 
problems associated with this type of assessment and instruction and 
capitalizes on the unique educational attributos of computers. 

In recent years, special education professionals concerned with 
another handicapping condition, learning disabilities, have begun to 
investigate the applicability of the theories and techniques of 
cognitive psychology and mental retardation to learning disabled 
children and youth (Bauer, 1977; Cohen & Netley, 1981; Dawson, 
Hallahan, Reeve, & Ball, 1980; Undgren & Richman, 1984; Swanson, 
1983; Tarver, Hallahan, Cohen, & Kauffman, 1977; Torgesen, Murphy, & 
Ivey, 1979; Torgesen & Goldman, 1977). Torgesen (1977) provided 
direction for special educators in this area by positing in a 
theoretical paper based largely on the previous work of cognitive 
psychologists that most of the performance deficits of learning 
disabled children are based on either their inability to ranploy 
efficient, task-appropriate cognitive strategies or their lack of 
•awareness that such strategic processing will be effective. 

These contentions agreed with long-standing clinical observations by 
teachers and therapists in the field. In 1968, the National Advisory 
Committee on Handicapped Children of the U.S. Office of Education 
proposed a definition of learning disabilities which became part of 
the Learning Disabilities Act of 1969. Reference to deficiencies in 
basic psychological processes is the roost prominent factor in this 
definition (Mercer, Forgnone, & Wolking, 1976). Clements (1966), in 
an extensive review of clinical literature, listed "disorders of 
memory and thinking" as one of the 10 most frequently mentioned 
symptoms of learning disabled children. 
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The initial research investigations that were stiaiulated by this 
C(»Bmon observation and Torgesen's (I977b) theorizing have confirmed 
that, while the infomation processing problefas experienced by 
learning disabled children are complex, the knowledge gained in the 
area of cognitive psychology and mental retardation on memory and 
metacognitive process deficiencies has direct relevance to practically 
all major aspects of the assessment and remediation of these problems 
in learning disabled children (Bauer, 1979, 1982; Jacobs, 1983; Rose, 
Cundick, & Higbee, 1983; Torgesen, 1977a; Torgesen & Houck, 1980; 
Wong, Wong, & Foth, 1977). Consequently, given the extent of the 
information available today, we believe the conclusions that can be 
drawn on memory and metacognitive process deficiencies in learning 
disabilities are very similar to those in mental retardaiton: the 
deficiencies are serious and pervasive and direct instructional 
strategies are available for their remediation. 
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Nature of the Population to Benefit froa the Aid 

People with mental retardation are generally considered to be 
deficient in basic memory processes. Ellis (1970), in a major 
publication in the field of mental retardation, implies that 
differences in memory performance can be used to define retarded 
behavior. Within the years of research since 1970, a vast amount of 
empirical evidence has appeared that supports the general position 
espoused by Ellis. In their review of the literature, Borkowski and 
Cavanaugh (1979) concluded that deficits in effective memory 
strategies "are considered by many educators and theoreticians as the 
majtr problem characterizing the retarded, especially the educable 
mentally retarded" (pg. 569). At this point, it is plausible that 
most if not all people with mental retardation demonstrate a general 
deficit in memory functioning. Caropione and Brown (1984) identified 
three types of memory deficiencies in the population. The first is 
that children with mental retardation fail to generate and use 
strategies that subjects of comparable age are likely to adopt 
spontaneously (Brown, Campione, Bray, & Wilcox, 1973; Campione & 
Brown, 1974). The second is that children with mental retardation 
need explicit instructions before they demonstrate strategic 
performance (Belmont & Butterfield, 1977; Butterfield, Wambold, & 
Belmont, 1973; Caropione & Brown, 1977, 1978) and before they transfer 
strategy usage to new untrained situations (Borkowski & Cavanaugh, 
1979; Brown, Campione, & Day, 1981; Campione, Brown & Ferrara, in 
press). The third is that children with mental retardation tend to 
cease employing a trained strategy when instruction is withdrawn; 
i.e., it does not become "their own". 
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Researchers studying cognition in persons tdth mental retardation have 
not systematically examined differences beti^n the levels of severity 
of mental retardation • In the past, most research has utilized people 
from the mild and moderate ranges of retardation. Those people 
diagnosed as severely or profoundly retarded have been included in 
only a very few studies (Ashman, 1983; Ellis et.al., 1982). 

Persons with severe and profound mental retardation are capable of 
acquiring skills in a variety of domains (^fatson & McCartney, 1981; 
Mukherjie, 1977; Sailor & Guess, 1983). The question of whether or 
not the knowledge and skill deficits exhibited by persons with this 
degree of mental retardation are due to memory problems is still 
unanswered. It is possible, however, to infer some answers from the 
existing data on the relationship between I.Q. and memory. 

One variable dependent upon I.Q. level is that of effective rehearsal 
utilization; there is a positive correlation between I.Q» and the 
occurrence of rehearsal strategies in recall (Brown, Campione, Bray, & 
Wilcox, 1973). By extrapolating from the 4ata gathered primarily from 
comparisons between persons with mild to moderate mental retardation 
and nonretarded persons, it is very likely that the memoiy 
deficiencies exhibited by persons with severe mental retardation are 
due to low or nonexistent levels of rehearsal. This supposition has 
received support from Ellis et al. (1982) and Ashman (1983), whose 
findings suggest that per with severe and profound mental 
retardation do seem to have serious memory deficiencies. Persons with 
severe and profound mental retardation have a higher incidence of 
maladaptive behaviors (Frankel & Simmons, 1976) and physical 
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disabilities (0*Conner, Justice, & Payne^ 1970) than do those with 
mild or moderate retardation. These considerations, as well as their 
more limited intellectual abilities, would most likely preclude iiiost 
of this group's use of the aid under development* 

Another factor that influences memory development is chronological 
age. Several researchers have noted developmental changes in memory 
(Campione & Brown, 1977; Hagan & Huntsman, 1971; Hagan & West, 1970). 
Studying children and adults with and without retardation, Belmont and 
Butterfield (1971) concluded that both active rehearsal and strategic 
nonrehearsal changed systenaticaliy with age. They noted that 
spontaneous rehearsal is a strategy that develops late (in early 
adolescence) in nonretarded persons and "might never be expected to 
occur in the mentally retarded" (p. 239). 

A third factor influencing memory development may be socioeconomic 
status (SES). Mild mental retardation is disproportionately found 
airong the economically disadvantaged and less well-educated segments 
of society (Ramey & Finkelstein, 1981). The report of a comparison 
between low SES children who had received early childhood education 
and those who had not revealed that differences in memory abilities 
were among the significant effects (Ramey & Campbell, 1979). This 
suggest that low SES may be implicated in the existence of memory 
deficiencies, and leads to the assumption that children of low SES 
generally display poorer memory functioning than do children of middle 
or upper SES. 



Memory deficiencies in children and youth with learning disabilities 
have been found to be widespread. Those memory deficits found in 
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persons with learning disabilities are now being recognized as similar 
to those observed among persons with mental retardation (Hagen, 
Barclay, & Schwethelm, 1982). The specific aspects of ^mory 
deficiencies in both populations are those that involve the 
acquisition and use of rehearsal strategies. 

Metacognitive strategies play an important role in jneinory, Flavell 
(1979) presents metacognition as a guide to the selection of 
appropriate cognitive strategies for task performance. Cognitive 
strategies can be divided into two different types: control 
processes, which are specific strategies used to obtain a goal, (e.g., 
clustering); and executive functioning, which is the ability to select 
the appropriate control process to reach the goal (Atkinson & 
Shiffrin, 1968). 

Persons with mental retardation exhibit a distinctive lack of 
executive functioning. Two obvious deficiencies become apparent. 
First, this population does not typically differentiate between those 
processes that require rehearsal and those .that do not require 
rehearsal. Second, they do not coordinate retrieval strategies 
(Butterfield, Wambold, & Belmont, 1973). Both of these deficienccs 
are indicative of deficiencies in metacognition. 

Ineffective metacognitive strategies are also apparent among persons 
with learning disabilities. Torgesen (1979) observed that this 
population is less efficient in spontaneously utilizing strategies 
although they can use appropriate strategies when instructed to do so. 
In her review, Jacobs (198A) implies that poor performance "is a 
function of metacognition, their awareness of the possibility and need 



to use such strategies..." (pg. 215). In general, a common 
characteristic of people with learning disabilities is held to be that 
they are deficient in both cognitive and metacognitive strategies -- 
in both control and executive functions (Pearson & Spiro, 1980; 
Seidenburg, 1982). 

Persons with mental retardation and those with learning disabilities 
have been shown to respond positively to instructional intervention. 
Training has been proven to be an effective means of increasing the 
use and effectiveness of rehearsal strategies. Performance of post- 
intervention handicapped groups similar to that of equal chronological 
age non-handicapped groups has been reported by Butterfield, Wambold, 
and Belmont (1973), Brown, Campione, Bray, and Wilcox (1973) and 
others. Campione and Brown (1977) concluded in their review of 
metamemory and memory that the evidence from effective training 
invalidates the "structural limitation" model; that is, performance 
levels are not completely determined by fixed limitations in the 
nature of the populations under study. 

The population to benefit from this aid is defined not only in terms 
of demonstrated memory deficiencies but in terms of possession of the 
prerequisite skills necessary for interaction with the instructional 
package. Adequate visual acuity is essential. Since the package 
offers the option of text on the screen, a hearing-impaired person 
could interact with the system as long as his/her reading skills are 
adequate. If reading is inadequate, then hearing must be appropriate 
for speech discrimination at conversational intensity levels. Users 
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of the Instructional package must also know alphabet letters and the 
numbers 0 through 9, and must have motor abilities sufficient to allow 
them to control the input modes. 

In summary, this aid will benefit the population of persons with 
memory difficulties who are able to interact with the computer system 
as it is configured. In general, this population would include 
school-aged children and youth with mild to moderate mental 
retardation as well as those with learning disabilities. Because of 
the nature of the task demands, most of the children and youth with 
severe and profound mental retardation would be precluded from using 
the system. 
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Size of the Population to Benefit from the Aid 



The failure to use cognitive strategies to facilitate recall results 
in a general deficit in roeroory. Since intervention strategies 
designed to intervene in these areas appear to be effective, the 
number of people who could potentially benefit from programs of this 
nature is of interest. Under the general conclusion that most, if not 
all, persons with mental retardation and learning disabilities have 
fundamental problems in memory, it is possible to calculate tbr* 
approximate number of people who could benefit • 

The target population is composed of school-aged children and youth 
with learning disabilities or mild to moderate mental retardation. At 
least 90% of persons with mental retardation are classified in the 
category of mild to moderate retardation (Baroff , 1974; Tarjan, 
Wright, Eyman, & Keeren, 1973). 

In 1981^2, 10*5% of the total elementary and secondary enrollment 
required special education and related services (U.S. Department of 
Education, 1983), According to the Fifth Annual Report to Congress on 
Public Law 94-142, approximately 4,233,282 students were utilizing 
these facilities* Nineteen percent were classified as mentally 
retarded and 38% as learning disabled; according to the proportion 
given above, the 19% figure translates into an estimate of 17% for 
those with mild to moderate mental retardation. Thus, 55% (that is, 
2,328,315) of the students enrolled in special education could benefit 
from this computer --based intervention • 
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Description of the Aid 

In this project, ARC/US will design, develop, field test, and refine a 
computer-based instructional system to assess and assist in 
reiaedlating the serious and pervasive problems in aemory and 
metacognition of mentally retarded and learning disabled children and 
youth. Software design will be guided by powerful and sophisticated 
instructional techniques which have been developed in the areas of 
cognitive psychology and mental retardation/learning disabilities and 
will fully exploit the strengths of the computer. Centrally involved 
in the preparation of this design will be one of the leaders in 
cognitive instructional design. 

The proposed instructional system is not curriculum-specific but 
inftead focuses on some of the fundamental cognitive skills which 
underlie learning and performance across every content area. The 
software is structured around a memory task frequently used in 
assessment and instructional applications, which requires many of the 
same cognitive strategies for successf j1 performance that underlie 
efficient information processing across a wide variety of situations 
(Utham, 1978). Field testing will take place in the natural 
classroom environment with typical mentally retarded and learning 
disabled students. Since memory and metacognitive process 
deficiencies are considered to characterize the large majority of such 
students and since the software provides graphic as well as vocal 
cues, the proposed instructional system should apply to all mildly and 
moderately mentally retarded students and severely learning disabled 
students. 
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With such a system, a teacher will be able to assess whether a student 
has significant memory process deficiencies, identify the nature of 
the deficiencies, and provide hio/her individualized instruction on 
efficient memory and metacognitive processing strategies. Ultimately, 
this technologically-based aid will provide teachers a powerful means 
by which they can begin to remediate serious and pervasive cognitive 
problems encountered in the education of their mentally retarded and 
learning disabled students. 

The following section provides a more detailed description of the 
memory task embedded in the instructional system. Appendix A contains 
general program information and Appendix B contains more detailed 
information for the programmer that further defines the workings of 
the system. Appendix C is the complete program narrative, which 
contains the instructions to the computer programmer regarding the use 
of screen layouts, vocal and orthographic text, and activity on the 
screen. Appendix D contains the screen layouts. Appendix E contains a 
description of the video-game interlude. Appendix F is the software 
evaluation form that was sent to program evaluators, and Appendix G is 
the informed consent letter that will be signed by participants in the 
field testing. 

The instructional system will be programmed for use on two of the most 
widely-used computers in public school systems and homes: the Apple 
II series of computers and the Commodore 6A. For all intents and 
purposes, the two programs are functionally the same, except for minor 
differences dictated by the hardware. 
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The insfructional system being developed in this project is based upon 
the ordered recall task. The ordered recall task has been one of the 
vehicles used in establishing the general fund of knowledge in this 
area. It is stteped in a well-developed theory which yields 
systematic and reliable predictions; it is sensitive to the influence 
of strategic cognitive processes thereby distinguishing between 
sophisticated and ineffective information processors; it permits 
variation on a number of student and task-related factors which have 
direct educational impact; it yields orderly data; it permits both 
assessment of a student's mnemonic competence and instruction on 
efficient, effective, and generalizable cognitive strategies; and it 
is relatively easy to explain to students (Belmont, Ferretti, & 
Mitchell, 1982; Butterfield, Siladi, & Belmont, 1980; Butterfield, 
Warabold, & Belmont, 1973; Brown & Barclay, 1976). 

This array of positive attributes that the ordered recall task has for 
cognitive and special education research notwithstanding, it has not 
received much use in special education applications. The primary 
reasons have been the unwieldy nature of the equipment typically used 
to administer the task, the mathematical complexity required to derive 
meaningful assessment information, and the individualization that this 
information dictates for the subsequent instructional components* 
These very reasons place the computer as the most logical medium for 
assessing and training ordered memory skills of mentally retarded and 
learning disabled students, for the computer has unique strengths in 
each of the problematic areas mentioned above. In addition, the 
computer has many other attributes which make it the near perfect 




choice as the medium by which the logic and memory of these students 
is assessed and trained. 

In an ordered recall task, the student is requested to recall in the 
order presented a list of items that (s)he has seen Only once. The 
items are serially-presented, with only one item exposed at any one 
time. The student is asked to first recall the subset of the last 
items presented and then circle back and recall the subset of the 
remaining items which were presented first. This aspect of the task 
is called "circular recall" (Butterf ield, Siladi, & Belmont, 1980). 

For example, if there are seven items presented serially and the 
student is in a "3/4 circular recall" task, (s)he would attempt to 
recall the last 3 items first, followed by the first 4. Thus, for the 
list Q,P,X,J,N,B,T, the correct 3/4 circular recall would be 
N,B,T,Q,P,X,J. If there are 8 items presented, for which the last 3 
are to be recalled prior to the first 5, the student is in "3/5 
circular recall" task. 

In the ordered recall task, each item is displayed for a fixed period 
of time (e.g., 0.5 seconds), but the student controls the pace of the 
presentation (i.e., the timing of the presentation of the next item). 
Difficulty of the task and memory load requirements can be varied by 
changing the number of items in the to-be-recalled list and the type 
of items to be recalled (e.g., letters, numbers, words). 

Extensive research has shown that performance on the terminal items 
(N,B,T in the example above) reflects a student's STM abilities, and 
the task permits precise manipulation of variables which pertain 
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specifically to STM limitations and instructional strategies. 
Similarly, performance on the initial terms (Q,P,X,J in the example 
above) reflects a student's LTM abilities and is sensitive to a number 
of manipulations directly related to strategic cognitive activity 
(Belmont & Butterfield, 1969, 1971a, 1971b; Brown & Barclay, 1976). 

One of the most revealing measures of strategic cognitive activity in 
this task is the length of time the student pauses after the 
presentation of each item in the list. Non-retarded, non-learning- 
disabled students generally exhibit high recall accuracy when their 
pauses steadily increase across the initial items, followed by very 
brief pausing over the terminal items. 

This pause pattern reflects an effective memory strategy for this and 
many other tasks: active cumulative rehearsal during the pauses of 
the initial items, i.e., those most difficult to recall in an ordered 
list, followed by fast passive glancing at the terminal items (Belmont 
& Butterfield, 1969, 1971a; Butterfield, Siladi, & Belmont, 1980). 

In the example presented above, a student using this "cumulative 
rehearsal-fast finish" strategy would mentally repeat the "Q" to 
him/herself after it was presented, then repeat "Q-P" a few times 
after the P was presented, then repeat "Q-P-X" a greater number of 
times after the X was displayed, followed by "Q-P-X-J" after the J was 
displayed. An efficient information processor would mentally test 
him/herself on his/her ability to successfully recall these initial 
items before proceeding to the terminal items, thereby accounting for 
the longest pause after the fourth item in the list. This self- 
monitoring has been variously labeled as "executive control", 
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"aetameroory", and "metacognition" , and is held to be one of the 
definitive attributes of intelligence (Butterfield & Belmont, 1975; 
Brown, 1975, 1978; Campione & Brown, 1977? Flavell, 1971; Havell & 
Wellman, 1977). 

To continue with the example, after achieving a satisfactory level of 
retention on his/her self -testing, the student would proceed to the 
terminal items and expose the N, briefly glance at it, expose the B, 
briefly glance at it, expose the T, glance at it and then proceed to 
the actual recall test. The cognitive strategy described above 
conforms to well-established theory in the information processing 
realm, and consequently is viewed as the theoretically ideal cognitive 
solution for ordered recall (Atkinson & Shiffrin, 1968; Waugh & 
Norman, 1965), 

When a student is found to be developmentally young (Brown & Campione, 
1974) in his/her approach to ordered recall tasks, i*e.t (s)he uses a 
less-than'-optimal cognitive strategy, cognitive psychologists and 
special education researchers engage in an instructional sequence 
designed to impart the basic components of the ideal solution to the 
student (Belmont & Butterfield, 3977; Brown & Barclay, 1976; 
Butterfield, Siladi, & Belmont, 1980; Butterfield, Wambold, & Belmont, 
1973). The remedial strategy focuses training on learning the 
terminal items, secondly on encoding the initial items, thirdly on 
retrieval of the initial items and self -checking, and finally on 
coordination of all strategic components. 

The first component of the instructional sequences involves training 
the student to pace quickly through the terminal items. The second 
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component has the student cumulatively rehearsing the growing list of 
initial items as each one is presented. Integrated into this 
component is the practice of self -checking, in which the student 
mentally tests himself /herself to be certain of his/her accurate 
retrieval of the subset prior to exposing the next item in the list. 
The third component is the introduction of a delay between the last 
item seen by the child and the beginning of his recall attempt. This 
delay is to insure that in practice the initial items are successfully 
recalled from LTM only, and also to enhance the student's 
understanding of the necessity for active rehearsal of the initial 
items. The fourth component instructs the student to put all of these 
cognitive strategies together and provides practice on the smooth 
coordination of the strategies. 

During the instructional sequence, a student is typically trained and 
brought to a criterion on one circular recall requirement, e.g., 3/4. 
Transfer of the cognitive strategy can then be tested upon the 
student *s first encounter with a different circular recall 
requirement, e.g., 3/5. ) 

The instructional system under development will bring the unique 
attributes of the computer to bear on the task demands for ordered 
recall and the instructional demands for assessing and assisting in 
remediating cognitive deficiencies. The end product will be an easy- 
to-use, informative, and powerful instructional tool for special 
educators. 
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Explanation of How the Aid Assists in Solving the Problem 

Simultaneous with these exciting trends in cognitive psychology, 
mental retardation, and learning disabilities have been the 
revolutionary developments in microcomputer technology and their 
resultant applications in rehabilitation, education, and special 
education. The general opinion is that we are standing on the 
threshold of a new era in improvements to the quality of life of 
handicapped persons. Much of the basis for this optimistic view has 
been provided by research supported by SEP which has shown that *'in 
instances where technology is made available, is of good quality, and 
is used knowledgeably , it has enormous potential for improving the 
education, independence, and employability" of persons across a wide 
variety of handicapping conditions (Johnson & Kaufman, 1983) • 

The latest market projections provide an iskige of the magnitude of the 
computer movement in special education. Vest (1983) states that the 
special education market had an estimated spending segment of 
approximately $10 billion in 1983, up from .about $4.6 billion in 1976. 
Translated to hardware, approximately 150,CX)0 microcomputers were in 
the public schools with approximately 25,0(X) used primarily for 
special education. Of these special education units, 10,000 were used 
in administration and 15,000 for instruction. By 1985-86, 
approximately 500,000 microcomputers will be in public schools, 
150, CXX) of which will be used primarily for special education. Of 
these, approximately 20,000 will be used for administrative purposes 
(Blaschke, 1983). 




ERIC 



While the benefits of assistive devices have been substantial and the 
magnitude of the movement is impressive, only approximately 10% of the 
school-aged handicapped population actually receive these benefits. 
They are children and youth %dth visual impairments, hearing 
impairments, mobility impairments, and multiple handicaps. The 90% 
who are, lor the most part, unserved by these powerful new tools 
consist of children who are mentally retarded, learning disabled, 
speech impaired, or emotionally disturbed (Report to Congress, 1981). 

The Office of Special Education Programs clearly recognize both the 
extreme potential of computers for remediating problems in the 
education of mentally retarded and learning disabled children and the 
disproportionate effort that professionals in the area have devoted to 
persons with other handicapping conditions, thereby leaving this 
potential largely unrealized. With the unique strengths that a 
computer offers to education, particularly in the areas of logic, 
memory, and motivation, it is encumbent upon educators to begin to 
employ computer-based aids to solve or minimize the serious problems 
in logic and memory which characterize mentally retarded and learning 
disabled students. 

Given the availability of computers for educational purposes, the 
challenge now is to design instructional packages that will capitalize 
not only on the computer's unique capabilities but also on the most 
sound and effective educational practices. A review of the cognitive 
psychology and special education literatures has resulted in the 
consolidation of several recommendations for the enhancement of 
learning. None of these recommendations were made specifically in 
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regard to computer-assisted instruction t yet in many cases these 
recOTimendations can best be met by coisputer-based instructional 
systems. 

Lieberman (1982) made several suggestions concerned with the 
optimization of learning that have been voiced by other researchers 
and educators^ The first of these suggestions is to incorporate 
relatively novel presentations of information; this will attract 
attention to the task. The medium should be structured so that the 
teacher's messages are '^open to the learner's inspection", meaning 
that objectives should be stated, relationships highlighted, and help 
given through the use of cues and prompts. It is important that the 
child have the prerequisites necessitated by the task; this requires 
that the task be analyzed and the component parts be taught in an 
appropriate sequence, A child should have access to a model of 
correct performance and should have an opportunity to imitate the 
model. Multisensory demonstrations are helpful, as is the active 
engagement of the student in practice. The student's reliance on 
prompts can then be gradually withdrawn. Additionally, it is vital 
that learning conditions be pleasant, avoiding unreasonable demands, 
and providing challenges, immediate feedback and rewards. Similar 
recommendations for training have been made by Borkowski and Cavanaugh 

(1979) , Brown (1978), Carter (1984), Dawson, Hallahan, Reeve, and Ball 

(1980) , Lewis (1983) and Sheinker, Sheinker, and Stevens (198A). 

The computer-based instructional system under development combines 
oft-proven training techniques with the unique capabilities of the 
microcomputer. The circular recall paradigm has been used in previous 
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research with persons with mental retardaton for the purposes of 
assessment and remediation (e.g., Belmont and Butterfield, 1971; 
BeiBKjnt, Butterfield, & Borkowski, 1978; Belmont, Ferretti, & 
Mitchell, 1982). This computer-based system breaks the circular 
recall memory strategy into its component parts, trains each 
separately, and then chains the components together. The students 
will work with a number of different list lengths and circular recall 
requirements; these variations on the same general task should 
increase the students' understanding of the basic strategy because the 
students are able to witness and participate in its application in a 
number of situations. The system also provides the student with 
additional practice in those areas in which (s)he is experiencing 
difficulty. 

One of the problems inherent in previous studies employing circular 
recall was the unwieldy nature of the apparatus, which typically 
included several projectors, switches, and a viewing panel. An 
obvious benefit to the use of a microcomputer is that the necessary 
hardware is already located in many schools, and homes, and that the 
software is portable. 




Project Timeline 

As described in the Administrative Report filed with SEP for December, 
1984, a revised staff resource plan was proposed to accomplish some 
project objectives at a faster pace than was orginally planned* This 
plan is intended to recover some of the time lost due to some unusual 
delays in initiating the project at full staff capacity. This revised 
staff resource plan permits project tasks and activities to be 
accomplished according to the timeline on the following page. 

It is probable that it will be beneficial to re-instate the increases 
in percentages of PTE for project staff that comprise the revised 
staff resource plan for January-April again in August and in January, 
1986 in order to complete the tasks at a faster pace than was 
originally scheduled. This strategy of increasing the percentage of 
time devoted to the project would result in no increased cost to the 
federal government. 



11 

27 



Timeline 
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Components and Ck)sts 



The computer -based instructional systems that will be developed in 
this contract are comprised of off-^the-shelf computer components and 
peripherals 9 the cognitive software that is being designed and 
programmed, and the software docup;entation that is being developed. 
The design of the systems incorporates some specific computer I/O 
components and peripherals that provide powe. >il educations! features 
and that promise to be increasingly incorporated in educational 
computer applications in the future, i.e., light pens, joysticks, and 
speech synthesizers/digitizers. 

Other than the sf3cific I/O components mentioned above, the Commodore 
and Apple computer systems upon which the project's instructional 
systems are based were intended not to differ from the configuration 
of the systems typically found in public schools. That is, to insure 
the widest use of the cognitive software developed in the project, 
idiosyncratic hardware requirements were eliminated. 

The fundamental Apple based computer system required by the Apple 
version of the software being developed consists of an Apple II series 
computer with a minimum of 48K of RAM, two floppy disk dri/es, a color 
monitor, a parallel printer interface, a parallel printer, a light 
pen, a potentiometer-type joystick and a speech synthesizer. The 
fundamental Commodore 64--based computer system required by the 
Commodore version of the software being developed consists of a 
Commodore 64 computer, one or two floppy disk drives, a color monitor, 
a parallel printer interface, a parallel printer, a light pen, a 
switch-type joystick, and a speech synthesizer* Attached is a copy of 



a listing of the system components and costs submitted by a local 
computer vendor. In this project, two Apple-based systems and two 
Commodore systems will be developed. 

Project staff have begun to be inundated with inquiries about the 
project from teachers and parents around the country, many of which 
include requests for recommendations on "the best" light pen, 
synthesizer, monitor, etc., to purchase. Given these requests for 
guidance, it may be beneficial for the project to compart alternate 
versions of these components within the two Apple systems and the two 
Commodore systems. This should result in no additional cost to the 
federal government, as these items can be compared in the normal 
course of the project. 
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May 16, 1964 

Dr. Al Cavalier 

Association for Retarded Citizens of U.S. 
250X Avenue "J" 
Arlington, Texas 76011 

Dear Dr. Cavaliers 

The following quote is submitted in response to your request for 
bids for Apple and Commodore computers as well as peripheral 
equipjoent. ' 

QUANTITY ITEM • UNIT COST EXTENDED COST 

2 Commodore 64 Computer , $ 219.00 $ l?!-°9 

4 Commodore 1541 Disk Drive 249.00 fff'S^ 

2 Commodore 1702 Color Monitor 249.00 

2 Apple lie Starter System 1,095.00 2,190.00 

1 Ap?le Disk Drive 395.00 790.00 
4 C.Itoh Prowritcr 10" Printer 399.95 ^'f??'®9 

2 Amdek I Color Monitor 287.00 fll'SS 
2 Symtec I^ight Pen (Commodore) 175.00 rHS'SS 
2 Symtec ti|ht Pen (Apple) 250.00 500.00 
2 ComVoice Speech Synthesizer ViVVn 
2 Echo II Speech Synthesizer 139.95 

2 Newport ProsticX II Joystick 45.00 90.00 

2 Kraft Joystick ^ ■ 49,00 98.00 

2 Cardco Graphics Interface (P) 99.95 199.90 

2 Grappler /interface (P) "9.00 238.00 



Total 



$$,l5l.5o 



Thank you for according us the opportunity .to assist you in 
meeting your computer needs. 



Sincerely 




Sam Bark lis 

Chief Executive Officer 
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Dr. Al Cavalier, Project Director, has overall responsibility for 
achievement of the project's objectives. He will be centrally 
involved in the instructional systems design, evaluation and 
refinement as well as the financial administration of the project. 

Dr. Beth Mineo, Assistant Project Director, is responeible for 

assisting Dr. Cavalier in the implementation of the project and the 

system's design, evaluation and refinement, with prinmry 

responsibility for coordinating the day-to-day operation of the 
project. 

Dr. Ralph Ferretti, Program Design and Research Consultant, has 
primary responsibility for instructional program design in accordance 
with current cognitive theory and research and shares responsibility 
with Dr. Cavalier and Dr. Mineo for analysis and interpretation of the 
evaluative data and subsequent refinement of the program design. 

A computer programmer with extensive experience in developing and 
documenting software for popular microcomputers, proficiency in 
assembly language programming for the 6502 family of micro-processors 
and specific skills in animated graphics and file management will 
devise the object codes, source codes and documentation for the 
instructional systems according to the specifications in the program 
narrative developed by project staff and consultants. 

Consultants and reviewers with recognized expertise in a variety of 
relevant areas such as cognitive psychology, special education and 
computer science will provide feedback on the program narrative prior 
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to its translation into a computer program and on the evaluative data 
obtained from the Beta tests. 



Mr. Robert Dubin and Ms. Nancy Sullivan, Marketing Specialists, have 
primary responsibility for the development and implementation of the 
ARC/US marketing plan and negotiation with independent software 
publishers. 

Ms. Cindy Oliver, Project Secretary, is responsible for all 
secretarial and clerical support to the project staff. 

Project responsiblities in person-days for each major project task are 
as follows; 

Personal Assignment by Person Days 





Task 1 


Task 2 


Task 3 


Task 4 


Task 5 


Total 


Project Director 


14 


AO 


18 


9 


36 


117 


Asst. Proj. Director 


32 


98 


43 


22 




195 


Proj. Design Conslt. 


13 


40 


,18 






71 


Computer Prog. 




195 


44 






239 


Marketing Spec. 
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Project Consultants 


8 




4 






12 


Project Secretary 


26 


80 


35 


18 


36 


195 


TOTAL 


93 


453 


162 


82 


72 


862 
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Plans for Testing 



Alpha Tests 

Purpose: * To review the first version of the roftware as an 
integrated whole, and identify any ispects of the 
system in need of refinement; 

* to examine the ways in which subjects interact with 
the software; 

* to derive average pause-time data; 

* to gauge the speed with which students complete the 
package; 

* to evaluate selection modes in terms of ease of use 
and subject preference; 

* to evaluate the game interlude for appropriate 
timing, difficulty levels and motivational 
qualities. 

Subjects: Eight staff members will take the role of student and 
run through the program attempting to provide the 
widest diversity of interactive responses. Five 
children in the non-retarded range of intelligence and 
a few children with mental retardation/learning 
disabilities will also interact with the system. 
Procedure: In addition to the program instuctions, the subjects 

will be told that they are assisting in the development 
of some new software and that they should do their best 
at the tasks. The subjects will be asked subjective 
questions regarding their experiences with the computer 
and the software. 

51 



Beta Tests 



Purpose: * To determine if the cosiputerized version of the 

assessment/instruction procedure yields data similar 
to those derived froro previous laboratory and 
classroom research; 
^ to ascertain the validity of the assessment; that 
is, does it identify memory problems; 

* to ascertain the nature of the memory problems that 
individual students with learning disabilities and 
mental retardation have and any differences between 
groups; 

* to determine if the instructional techniques 
employed can assist in remediating the rehearsal 
deficiencies* identified in the assessment, i.e., can 
a foundation of computerized remediation strategies 
begin to be laid down; and 

* to determine if students generalize the use of 
strategies trained directly to instances for which 
they have receive no training. 

Subjects: Approximately 60 students matched for chronological 
age will serve as subjects. Twenty subjects with 
mental retardation, twenty with learning disabilities, 
and twenty nonhandicapped students will participate. 
Half of the subjects in each group will serve as 
controls while half will receive intervention with the 
computer-base instructional package. 



35 

52 



Procedure: Pre- and Post-Teat 

All subjects will receive training to fasiiliarize them 
with the computer, after which a computer-based pre- 
test will be administered. The subjects will receive 
six trials for each of 12 different circular recall 
requirements in which they will be shown items in a 
list and be asked to recall the list. The last three 
of these trials will be used in the data compilation. 
During this pre-test, no subjects will receive strategy 
training. This procedure will be the same for the 
post-test that follows the training. 

Training 

Half of the subjects in each subject classification will receive the 
computer-assisted instruction. The other half will receive no 
intervention between pre- and post-tests. A total of six circular 
recall requirements will be addressed in training. 

Experimental Design and Ifata Analysis ,' 

There will be several factors or independent variables addressed in 
the experimental design and data analysis: subject classification 
(learning disabilities, mental retardation, nc«i-handicapped) , 
instructional level (training, control), test (pre, post), serial 
position, and circular recall requirement (e.g., 3/2, 4/3). The 
dependent measures are a processing measure (as reflected by the omega 
value) or an accuracy measure (as reflected by percent correct). 
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Three types of group analyses will be conducted: 

The first is to establish a relationship between the measures of 
processing and recall accuracy; theoretically, if a subject 
revises his processing to laatch that taught in the instructional 
package I his recall accuracy should improve* This correlation 
will be computed for every recall requirement. 

The second type is an aggregate analysis of variance of the pre- 
and post-test measures of recall accuracy and processing as a 
function of subject classification and instructional effect. 
Again, these will be computed for every circular recall 
requirements 

It may happen that a subject *s recall accuracy would be 
satisfactory without his/her use of the strategies that were 
instructed. To determine this, a third type of analysis looking 
at serial position in relation to the factors above would be 
necessary. This would entail a four-way analysis of variance for 
subject classification, pre-/post-test , instructional effect, and 
serial position (the specific number of serial positions is 
dependent on circular recall requirement). This analysis of 
variance would be computed for every circular recall requirement. 

Depending on the nature of the acciimulated data, it may be 
appropriate to do some analyses of individual subject data in 
terms of the relationship between specific circular recall 
requirements and the processing and/or recall accuracy data. 
Since training will be conducted on only half of the circular 
recall requircidents assessed in the pre- and post-test. 
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performance on the untrained circular recall requirements will 
serve as an index of generalization of strategy use to similar 
but different tasks* It would be pren^ture at this juncture to 
assess generalization to less similar ones, i«e», those that 
require the same basic underlying strategies but have different 
surface structure. If generalization is evident, future 
research efforts should explore the extent to which it occurs and 
the conditions that optimize its occurrence* 
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Channels of Distribution 

Once the development, field testing and refinement stages have been 
completed, the instructional package of software and documentation 
will be ready to fulfill its primary purpose, which is assisting 
teachers in the assessment and remediation of memory deficiencies. 
Vital to the attainment of this end are effective channels for 
distribution of the product. 

The most likely distributor would be a software publisher with an 
established reputation in the education market. Since there are 
literally hundreds of software companies, the pool of relevant 
potential marketers would be comprised of those offering a product 
line consistent with the offering of the ARC/US project. Three types 
of product linef potentially offer this compatibility: those with 
regular educational software, those with software designed for special 
needs populations, and those with software designed specifically 
around cognitive tasks. These three product lines are not mutually 
exclusive; in fact, from our compilation of information on software 
publishers, there are a few companies promoting software appropriate 
to all three categories. 

The responsibility of ARC/US in the distribution process is six-fold. 
The first responsibility is the specification of the capabilities of 
the instructional system. The second is the identification of the 
target population. The third is to establish and document the need 
for software of this type among the target population. The fourth 
responsibility is to highlight the features and capabilities of the 
system. The fifth is to identify, based on the target population and 
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needs assessments , marketing strategies that a software publisher 
could employ to increase networks of information dissemination. 

Through the field-testing process, ARC/US will obtain the information 
necessary to meet the first of these outlined responsibilities. We 
have devised a detailed plan for testing in which participants will be 
comprised of persons with mental retardation, those with learning 
disabilities, and nonhandicapped persons. The instructional package 
will be evaluated in terms of its validity (that is, its ability to 
differentiate among ability groups) and its instructional value (that 
is, its ability to assist in the remediation process). This research 
will allow us to draw conclusions regarding the capabilities of the 
software for assessment and instructional purposes. 

This research will also allow us to determine the breadth of effective 
application of the package across the populations in need. Although 
the appropriateness of this software for the population of 
nonhandicapped students is not the primary focus of the development 
project, a determination of such appropriateness is incorporated in 
the research design to provide a base of comparison for the 
handicapped users. As a result, there is a distinct possibility that 
the results will show that the larger market of non-handicapped 
students could derive enhancements in memory fuctioning through use of 
this software. Project staff conducted an extensive review of the 
cognitive psychology and special education literatures to identify the 
characteristics and nature of the populations to benefit from the aid. 
We have determined that approximately 55% of the students enrolled in 
special education classrooms in this country could benefit from this 
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instructional package. This figure represents a market of close to 
two and one-half million students. More detailed Inforroation will be 
provided to the eventual isarketer. 

ARC/US 's extensive literature review also assisted in establishing the 
need for this type of software. One of the conclusions that can be 
drawn from this review is that the memory task around which the 
package is constructed ±t a valid and ^pure" means by which to assess 
and train memory skills, and also that the computer is a near-perfect 
vehicle for this package because of its ability for logical analysis 
and its capacity to deal with large amounts of information in an 
interesting, effective, and efficient manner. This package 
accomplishes the marriage of a theoretical knowledge base to a 
practical, educationally-sound assessment and training package. 

ARC/US has the responsibility for highlighting the capabilities and 

positive attributes of the system to potential marketers and 

eventually to consumers. Detailed description of there would be 

lengthy; only the major points will therefore be suimnarized as 

« 

follows. First, the package offers both assessn^nt and remedial 
components, and remediation is based logically on the assessment 
results ♦ This assessment permits the remediation components to be 
individually tailored to each student's needs. Second, the package 
uses the unique features of the computer ti. their fullest extent in 
assisting the child to understand and perform the required tasks; and 
third, the child's performance is analyzed and interpreted by the 
computer, which allows the teacher to obtain Information practical for 
classroom purposes. This analysis and interpretation is guided by the 
consultation of the leading cognitive psychologists in the country. 
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The student performance data Is also permanently recorded for later 
review by the teacher. 

In meeting the fifth responsibility, ARC/US will suggest marketing 
strategies for use by a potential publisher based upon the factors 
addressed above • We will assist the publisher in highlighting this 
program appeal and value to parents, teachers, and school districts. 

ARC/US 's final responsibility to the distributor will be met through 
its ability to disseminate information across a nationwide network. 
Through our network of 1600 state and local affiliates, our core of 
200,000 members, our national publications including our national 
newspaper which is distributed five times a year to each member, 
computerized data base, national electronic mail and bulletin board 
system, and our Bioengineering Program, we are in a unique position to 
raise the awareness of school personnel on the availability of quality 
educational software in the marketplace. 

By the end of the sixteenth month of the project, a preliminary 
marketing plan will be developed and submitted to the contracting 
officer. The final marketing plan will take into account the views of 
the users, potential users, project consultants, and potential 
marketers in addressing such specific factors as appropriate unit- 
price, potential for widespread use, the value to the target 
population in assessing and remediating memory deficiencies and to 
improve learning capacity, as well as the interest among potential 
producers and distributors to market the compensatory educational aid 
that is developed* 
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Feedback from Commercial Publishers 



In ccHnpliance with SEP*s request for feedback on the marketability ^ 
useability, and suitability of the product, ARC/US identified several 
commercial software companies having product lines compatible with the 
software under develoi^nent in this project. The company presidents 
and/or product developers were contacted and their participation was 
requested* Several companies denied our request, citing most 
frequently the non-remunerative or time-consuming aspects of the task. 
Non-disclosure agreements were obtained from three marketers who 
agreed to participate. 

These companies were sent an information packet including a statement 
of the problem addressed in the project, production and marketing 
plans, and the program narrative with accompanying documentation. The 
company representatives were guided in their review by the survey form 
created by ARC/US project staff. The form was intended to direct the 
reviewers' comments to the specific aspects of suitability, 
useability, and marketability (see Appendix F). 

The review period that is typically observed in the software industry 
is 30 days or longer. As of this writing, only one software publisher 
has returned the completed evaluation form. Telephone, written, and 
personal contact with the remaining publishers has failed to result in 
return of their evaluations, although both have acknowledged the time 
constraints under which they have been placed and have given their 
personel assurances that feedback will be returned shortly. Project 
staff have approached additional publishers to serve as evaluators 
should the original evaluators fail to return comments by June 30, 1985. 




Project staff will sunanarize all evalxiative remarks in an addendum to 
the Final Design Report will be forwarded to the Project Officer by 
July 15, 1985. 
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General Program Information 

Students will participate in two general types of activity in the 
prograai; assessBient and instruction at different levels of 
difficulty. The progratu is ordered such that the student always 
receives the assessment section first. If (s)he meets criterion on the 
particular level of assessment, (s)he automatically progresses to the 
next level of assessment. If the student fails to reach criterion on 
assessment, instruction at that level commences on that level. The 
last instructional loop at each level includes a reassessment. This 
cycle repeats until the student fails to reach a criterion after three 
consecutive instruction/assessment sequences or (s)he reaches criterion 
at the highest level of assessment. 

The target task embodied in this program is successful circular 
recall. Circular recall tasks have been used extensively in direct- 
instruction cognitive research. While they are somewhat abstract, 
they permit more precise assessment of cognitive «5trategy usage. 
These tasks are related to real-world effectiveness, however, and 
these similarities will be addressed in pre- and post-test evaluations 
as well as future modifications to the software package. If a student 
was told to remember the string L,T,Z,J,R,P,F, (s)he could employ 
circular recall strategy by recalling R,P,F, and then circling back to 
remember L,T,Z,J. This would be referred to as a 3/4 circular recall 
because the student remembered first the last three elements, and then 
the first four. 

In the instructional portion of this program, the circular recall task 
is disassembled and each of the four components of the effective 
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strategy is individually trained. The student then learns how to 
combine the component strategies into integrated performance on the 
target task. The first component, known as "fast finish" training, 
teaches the student to retain the terminal set of items first by 
quickly memorizing them in a chunk. The second component, known as 
"cumulative rehearsal" training, shows the student how to memorize the 
first (and more difficult) set of elements by retrogressively rehear 
sing all previous elements in their original order as new ones 
are revealed. The third component, that of "interpolated delay and 
self testing", trains the student to hold those items memorized with 
cumulative rehearsal in memory for the amount of time equivalent to 
that needed to complete the fast finish on the terminal set. The 
final component, that of "chaining", teaches the student to 
incorporate the components into a unified strategy. 

This software has been designed to advance through a general hierarchy 
of difficulty posed by various circular recall requirements. The 
requirements addressed in this program are in the estimated order from 
simplest to most difficult: 



Program Level Circular Recall Pattern Number of Elements 

A 2/2 4 

B 3/2 5 

C 3/3 6 

D 2/4 6 

E 2/5 7 

F 4/4 8 
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The student begins assessment and instruction at the first level, that 
of a 2/2 circular recall requirement. There are two basic types of 
information that will be recorded for each student: accuracy of 
recall and pause-time pattern . Recall accuracy represents the number 
of items recalled correctly by the student. Pause-time patterns 
reflect the amount of time a student waits after seeing an element 
before displaying the next one. Thus, pause times correspond to the 
amount of tin« spent committing the item to memory. Since long 
strings of elements take longer to rehearse than do short strings, 
this would be reflected in corresponding differences in pause times. 
Circular recall requires the student to cumulatively rehearse certain 
elements; if pause times between elements do not vary, it is an 
indication that the student is not using the strategy. 

Accuracy of recall is reflected in a percentage score derived by 

dividing the number of correctly recalled trials by the total number 

of trials and multiplying by 100. In addition to computing the 

accuracy of the whole string of elements, separate accuracy scores 

will be determined for the two components of the circular recall 

(initial items and terminal items). The accuracy criterion varies 

with the number of elements to be remembered: 

Cumulative Rehearsal Fast Finish 

Criterion Criterion 
Number of Elements Greater than Number of Elements Greater than 



to be remembered or equal to to be remembered or equal to 

2 2 

3 3 2 2 

4 3 3 2 

5 3 4 3 

6 4 
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The pause-tinie pattern criterion is a predetermined omega-squared 
value, (see attached) which quantifies the comparison between the 
student's pause-time pattern and an "ideal" pattern. Pause-time 
patterns will be computed for all phases of training but the 
cumulative rehearsal portions of Levels A and B and the fast finish 
portions of every level, and accuracy scores will be computed for all 
phases of training. 

Pause Time Ideals 

Cumulative rehearsal - 1 second per inter-item pause 

2 item list: 1 second 

3 item list: 1 second, 2 second 

4 item list: 1 second, 2 second, 3 second 

5 item list: 1 second. 2 second. 3 second, 4 second 

6 item list: 1 second. 2 second, 3 second. 4 second. 5 second 

Fast Finish: .75 second per inter -item pause 

2 item list: .75 second 

3 item list: .75 second. .75 second 

4 item list: .75 second. .75 second, .75 second 

Level r... ..hP.r.al List Length 0^ Total List Un^th ^ne&ai 

A .979 



A 2 

B 2 

C 3 .999 

D 4 .979 

E 5 .873 

F 4 .979 



5 .873 

6 .775 

6 .775 

7 .699 

8 .639 



To reach criterion on assessment or any portion of training, the 
student mu.t m'eet both accuracy and pause-time criteria: achievement 
of the accuracy criterion indicates that the student is able to 
remember the specified number of elements, and attainment of the 
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pause-time criterion indicates that the student is employing the 
appropriate cognitive strategy. In the asses^nents, the student 
receives three trials which are used to compute the performance data. 
In the instructional portion four components are taught. Performance 
on a component must reach criterion before the student can proceed to 
the next component. A block of three trials at the end of each 
component is used for assessing mastery. 
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Information For Programmer 

General Information 

o The Ready Screen and Recall Screei^ always remain on for one second 
unlecs specifically stated in the program narrative. 

o The Recall Screen reanains on for periods from ,5 to 6 seconds , and 
recall is signaled by 3 bursts of a high frequency tone that take 
up .1 second apiece at the end of the Recall Screen *s duration 
(e.g.t if duration of screen is .5 second, screen is on in silence 
for .2 second and is paired with the tones at .3, .4, and .5 
second) . 

o When illuminating letters in the individual boxes, a subject should 
select the boxes in order from left to right. Any deviation from 
this pattern should result in the system's ignoring the incorrect 
selection, and waiting for the correct one. Regardless of the 
duration of the ensuing time delay, the screen will respond when 
the correct box is activated. After a box has been illuminated for 
.5 seconds, it will change color to indicate that it has already 
been activated. 

o When a subject selects individual letters for placement into the 
boxes, placement position will be predetermined (e.g., the first 
letter selected automatically goes into the third of five boxes, 
the second letter selected goes into the fourth box, etc.)*' The 
student may not correct errors of placement, but (s)he may use a 
letter more than once. 

o When elements on the screen are to flash, this flashing lasts for 
,75 seconds. 



The letters to be used for each trial will be selected from the 

pool of all English consonants. To avoid perceptual confusion, no 

phonetically similar consonants can occur in the same portion of 

the list (fast finish, cumulative rehearsal). All phonetically 

similar letter names will be grouped together, and a randomization 

subroutine will choose only one letter from each grouping: 

B.C.D,G,P.T.V,Z 

M,N 

S.X.F 

J,K 

H 

L 

Q 
R 
W 
Y 

For the portions using numbers, the numbers will be randomly 
selected from 0 through 9. No letter or number may appear more 
than once during any one trial. The order of the letters when 
displayed beneath the empty boxes should also be randomized. 

All text to be spoken will also be represented orthographical ly. 
This written text will appear on the bottom 4 lines of the screen. 
Previous text should be erased from the screen before new text 
appears; in other words, successive utterances should not scroll, 
but should appear independent of one another. 

To use screen 11 (versions A. B, and C) with element strings 
greater than 2, the boxes will need to be collapsed into the 2 
represented on screen 11. 

After completion of every assessment portion and its accompanying 
video gajrs interlude, screen 16 will appear. The student is 



required to respond with the joystick/light pen in order to have 
the prograa continue. If the student does not respond, screen 16 
will remain visible until the teacher perforins the escape function. 

o The teacher will have the option of discontinuing student 

interaction at any time by the use of the escape function. The 
progranuner will determine the specific keystroke sequence required 
for this function. 

0 The next time a student works with the system following termination 
of an interaction using the, escape function, assessment /instruction 
will begin at the level at which the student was working when 
interaction was halted. For the purpose of counting the number of 
times through assessment/instruction, tabulation will begin at zero 
as if the child had not previously interacted at the level. 

o A student will be allowed a specific amount of time in which to 

respond. If no response has been made by the end of this time 

period, it will be prompted by the aural and written cue "Do it 

now". In all portions of the program except the study tiroes, this 

Interval will be 30 seconds. The interval will be 45 seconds 

during study times (the times in which the student is illuminating 

the letters in the boxes in order to study 'hem prior to his/her 

recall attempt). After the prompt, the student has 30 seconds in 

which to make a response in all portions of the program. If (s)he 

responds within that 30-second period, the program continues in the 

manner specified in the Program Narrative. If the student falls Ko 

respond within the second (30-second) time period, (s)he receives 

the following message: 

You are taking too much time when it's your turn. 
Let*s try another one, 
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If the student fails to respond in tha allotted tioe on this next 
problem, receives the prompt, and continues to be unresponsive, 
his/her interaction with the 'fystem will be discontinued, the 
program will terminate, and his/her performance data file will be 
closed. 

Any time a student receives a prompt during instruction, that trial 
will not be counted toward his/her progression to the next step of 
the program. To progress, the student must complete a trial 
independently (that is, without the use of the prompting procedure 
described above). 

o In all portions of instruction (fast finish, cumulative rehearsal, 
interpolated delay, and chaining) the final loop consists of six 
trials. The first three of these will be trials in which the 
correction procedure may be applied? that is, the student is cycled 
back to the beginning of that portion at Loop 1. The last three of 
these trials will serve as the assessment, and the correction 
procedure will not be used. 

< 

\ 
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Beginning of ProRram 
Alvfays begin with Screen 12 



1 

Screen 13 




Arrow Keys 
and Date 



i 



Continuation 
of program from 
preceding 
interaction 



1 



Data 



1 



Screen 14 
Screen 15 
Screen 20 
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Uvels of Difficulty 

1 . Introduction 

2. Input node faoiliarization 

3. Preassessment training on interaction with screen 

A. 2/2 

B. 3/2 
C- 3/3 

D. 2/4 

E. 2/5 

F. A/ A 



B6 y4 



Level A is contained in the prograia narrative. It includes both the 
assessnent and instructional portions. All other levels follow the 
same course, the only modifications being the total number of elements 
in the string, and the circular recall configuration. 

The following is a breakdown of these variables according to level. 

Total # of Initial Items Terminal Items 



Level Elements (for cum, rehearsal) (for fast finish) 
B 5 2 3 
C 6 3 3 
D 6 4 2 
E 7 5 2 
F 8 4 A 



Changes in the text/speech will be necessary on words like "second", 
"both", "middle", etc., and screen 5 will also need to change 
accordingly. 
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Data Recording/Analysis 



1. Types of Information needed 
a • Demographics : 
name 

birthdate 

date of each interaction with computer 
b# Task parameters of each interaction: 



level 

assessment/instruction 

number of times through each instructional component loop 



rasw iinxsn « 


JLiOOp 


1 






Loop 


n 
L 


V, voice/ grapnic assistance ) 




Loop 


3 


(graphic assistance) 




Loop 


4 


(no assistance) 


Cumulative rehearsal: 


Loop 


1 


(complete assistance) 




Loop 


2 


(voice/graphic assistance) 




Loop 


3 


(graphic assistance) 




Loop 


4 


(no assistance) 


Interpolated delay: 


Loop 


1 


(1 second delay) 




Loop 


2 


(2 second delay) 




Loop 


3 


(3 second delay) 




Loop 


4 


(4 second delay) 




Loop 


5 


(5 second delay) 




Loop 


6 


(6 second delay) 


Chaining: 


Loop 


1 


(ccOTplete assistance) 




Loop 


2 


(voll^/ graphic assistance) 




Loop 


3 


(grapnic assistance) 




Loop 


4 


(no assistance) - serves as post- 








instruction assessment 



The first time the student goes through a level (e*g.t Level 
A), the data vill be designed as Al. The second time through 
it will be designated A2, and so on. After three unsuccessful 
cycles (i*e», not reaching criterion) through the entire 
assessment/instruction package* his interaction with the 
program is terminated. 

c. Assessment data: 

number of items correctly recalled for each position 
in each of 3 assessment trials 

pause time for each position in each of 3 assessment trials 
average cumulative score on recall accuracy of terminal items 
average cumulative score on recall accuracy of initial items 



d. Computations to be performed: 
omega2 for each trial 

average accuracy across 3 assessment trials 
I^ta printouts available 

a. Graph or table of average pause time as a function of position 

b. Graph or table of recall accuracy as a function of position 

c. Table of instructional information: record of cycles through 
each loop per instructional component 

d. Interpretive remarks 
Accessing printouts 

a. Daily printout - available after end of daily interaction 

b. Entire data base - available during initial screen interaction 
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Graphic Printouts 



tn 
•o 
c 
o 
u 



Of 

E 



V) 
W 

> 



12 - 

n.5- 
n ■ 

10.5- 
10 " 
9.5- 
9 ■ 
8.5- 
8 • 
7.5- 
7 

6.5 
6 

5.5 
5 

4.5 
4 

3.5 
3 

2.5 
2 

1.5 
.5 



2 



3 



4 



5 



4 h 



Position 



« 

t. 
a 
u 

u 



100 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 



Position 
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SS 



Otaega^ Computation 

0»€Ra2 6»2) is the value reflecting the '^fit" between an ideal pause- 
tiise pattern and the pause-tioe pattern demonstrated by the subject. 
An os»cga2 value is computed for each of the last three assessment 
trials. The computational formula is: 



" "SS/+ MS + (2)MS. 



'error 



Formulae for each of the above values is provided next. The following 
chart should assist in interpretation of these formulae. 

SERIAL POSITION 



i » 1 SUBJECT 



i 2 IDEA 



TOTAL 



j s» 1 



j = 2 



j » 3 



j = 7 



TOTAL 



1 is an index of a specific row 
j is an index of a specific column 
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The student's raw pause-tline scores first must be transformed into Z 
scores to perwlt comparison with ideal times. •^^"""ea into l 

Steps to Calculating Z scores; 



(M - k)^ ^ (X2 ■ t ...C n . 



^i = Individual score (^l/2/3...) 
n = number of serial positions 
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steps to Calculating the Mean Square for Patterns (MSp) 
A « (*1.1 +*1,2 +*1.3 + ../l.j)^ + i^2,l * + ^2,^ 

6 « A 
"sp 

C ''^l.l + ^^2,1 + M,2 + ^2.2 + H,3 + 
D = C2 

E = D 

(2) (nsp) 

X = a score 

'^i ,j = the score in the i-th row and j-th column 
"sp = the number of serial positions 
"p = the number of patterns 

Mean Square for Patterns = Suras of Squares for Patterns 
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steps to Calculating the Si»b of Squares for Serial Bastions (SS^^ 



A = ( '^l,! + ^^,1)^ + ( ^1,2 + ^^2,2)2 + ...(^l,j + '^^j)^ 

B ^ A 
— 2 — 

C^^ci^l + X2,l + xi,2 + ^2,2 + xi,3 + x2,3 + ...xi,j 
D = 

E = D 

Sums of Sqiares for Serial Positions = B-E 



X = a score 

^i, j - the score in the i-th row and the j-th ODl\inn 

^sp = the nisitoer of serial postions 

Mean Square for Serial Position = E - £ 

Hi^p - 1) 
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Steps to Calculating the Suns of Squares of the Total (SS^): 



C = 1 + X2,l + *1,2 + *2,2 + *1.3 + ^^2,3 + '"'^ij 



D » c2 



X w a score 

4 « the score in the i-th row and j-th column 
n^p = the number of serial positions 
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Steps to Calculating the Mean Square of the Error (MSe^ror) 
Sums of Squares of the Error » SStotal " SSgp - SSgp 
Mean Square of the Error = Sums of Squares of the Error 
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Steps to Calculating Degrees of Freedom for Serial Postions (df gp) 



iigp » the number of serial positions 
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Pre /Post Assessi^nt Disk 

The Pre/Post Assessment vrill be contained on a disk separate from that 
containing the actual As9essn«nt-«nd-In8truction program. The data 
from the Pre/Post Assessment will be contained on another disk in a 
two-drive system and on the Pre/Post Assessment disk in a one-drive 
system. The Pre/Post Assessment will be used for evaluative purposes 
only in the project and will not be included in the final software 
product . 

In the Beta test phase, Pre/Post Assessment will be administered to a 
set of students, a suaset of whom will interact with the Assessment- 
and-Instruction program (which can be considere-l the treatment 
condition in the experimental design). The students who do not 
receive the Assessment-and-Instruction program can be considered to be 
in the control condition. 

The number of different recall requirements in the Pre/Post Assessment 
is greater than the number in the Assessroent-and-Instruction program. 
The recall requirements that are not included in the latter (and 
therefore are not trained) will be used on the Pre/Post Assessment to 
derive a measure of limited generalization, i.e., a transfer of 
training to tasks similar to, but not identical with, the training 
tasks. 

The introduct J. )n to the task and selection mode in the Pre/Post 
Assessment sequence will follow exactly the specifications in the 
Program Narrative for Levels 1, 2, and 3. It then follows the 
identical procedure set forth in Loop 4 of the "Chaining" component of 
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the instructional portion, which is described on pages 51 and 52 of 
the Program Narrative. The format for the assessment will remain the 
same; only the list length and circular recall pattern will vary. 
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Recall 
Requireroent 


Total # 

of Elements 


Initial Item 
(Cum. Rehearsal) 


lerminaJ. lueu) 
(Fast Finish) 


2/2 


4 


2 


2 


2/3 


5 


3 


2 


3/3 


6 


3 


3 


4/2 


6 


2 


4 


2/4 


6 


4 


2 


4/3 


7 


3 


4 


3/A 


7 


4 


3 


2/5 


7 


5 


2 


4/A 


8 


4 


4 


• 3/5 


8 


5 


3 


4/5 


9 


5 


4 


3/6 


9 


6 


3 



APPENDIX C 
Program Narrative 



LEVEL 1 

This portion of the program is simply a brief Introduction. It will be presented to the 
student only once. 



It 



li 



I^t PACE 



VOICE 



Hello. 

This is a game to see how good you are at 
remembering nvunbers and letters. 

Before we start playing, I will teach you how to 
use the computer and what to do. 

Here we go. 



i ' 
V L 
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ACnVITY ON SCREEN 



12 



Screen 12 remains illuminated for the 
duration of the text. 



Blank 



lu2 



LEVEL 2 

This portion of the program is designed to familiarize the student with the input mode s/he will be 
using. Instructions in the use of each mode - light pen and joystick - are included, but the child 
will receive only those pertinent to the input mode selected for him/her by the teacher. 
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1C3 



voicu 



You will use a light pen when you work with the 
computer. We will practice with it now so that 
you get to be good at using it 

This is what I want you to do. 



See the box that's blinking? 

Your job is to put the number 3 in that box. 

This is how you do it: 

Put the tip of the pen right on the number 3. 




Good you did it. Put the pen right on the 

It went into the box. number 3. 

Let's try it again. 

See the blinking box? 



Put the number 2 in that box. 

Touch it with the pen, and it will go into the box 



+ 

Great you've got the 
idea. 



Put the pen right on the 
number 2. 
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NUNBUR 



ACTivHY ON samm 



2 










Flash far left-hand box. 


- 




(Positive feedback follows correct response 
immediately. If student fails to respond within 
% «*»rnnHs nr rcsDonds incorrectlVt corrective 
feedback is given) . 






When student av^. vates #3, number appears in box 
that was flashing. Flashing stops. 






Flash middle box. 


• 


- 


(Positive feedback follows correct response 
immediately. If student fails to respond within 
3 seconds or responds incorrectly, corrective 
feedback is given) . 

Number 2 appears in box when activated. Flashing 
stops. 









9 



I^VEL PACE 



VOICE 



ERIC 



Now you try one all by yourself. 



Get the number 1. 




Good. You did it, 



Put the pen right on 
the number 1 * 
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ACTIVITY ON SCREEN 



Flash right-hand box. 

(Positive feedback follows correct response 
imraediately. If student fails to respond within 
3 seconds or responds incorrectly, corrective 
feedback is given. 

Number 1 appears in box when activated. Flashing 
stops. 



mVUl PACE 



VOICE 



You will use a joystick when you work with the 
computer. Wc will practice with it now so that 
you get to be good at using it. 

This is what I want you to do. 



See the box that's blinking? Your job is to put 
the number 3 in that box. 

This is what you should do: 

Move the joystick so that the light is on the 

number 3, and then push the joystick button. 




Good. You did it. It Move the light onto the 
went into the box. number 3 and press the 

button. 

Let's try it again. 
See the blinking box? 



Put the number 2 in that box. Move the light to 
the number 2, press the button, and it will go 
into the box. 




ACTIVITY (m SCREEW 



Flash left-hand box- 



Cursor moves according to child's control. 
When child activates #3, number appears in box 
that was flashing. Flashing stops. 

(Positive feedback follows correct response 
immediately. If student fails to respond within 
5 seconds or responds incorrectly, corrective 
feedback is given) . 



Flash middle box. 



Number 2 appears in box when activated. Flashing 
stops . 

(Positive feedback follows correct response 
immediately. If student fails to respond within 
5 seconds or responds incorrectly, corrective 
feedback is given) . 
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IPMl PACE 



VOICE 



ACTIVITY m SCREEN 



2 



4 




2 



Great. You^ve got 
the idea* 



Move the light onto the 
numbei 2, and press the 
button. 



Now try one all by yourself. 



See the blinking box? 



Flash right-hand box. 



Get the number 1. 



Number 1 appears in box when activated. Flashing 
stops. 

(Positive feedback follows correct response 
immediately. If student fails to respond uithin 
5 seconds or responds incorrectly, corrective 
feedback is given). 




Good. You did it. 



Move the light onto the 
number 2, and press the 
button. 



11 
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LEVEL 3 

This portion of the program is intended to familiarize the student with the symbols and routines 
employed throughout the rest of the program. It takes the student through some interactions that, 
while simplified, are typical of the ones in which (s)he will participate. 
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Yotoe 



This is a gane to see how good you are at rcfncffbcring 
I'm going to show you some numbers. I'll show them 
to you one at a cine. 



See the flashing box? That's the one to light up 
first. I'll pretend to be you. Watch what I do. 

After you light it up, a number will appear in it. 
Your job is to remember this number. 



After the number disappears, light up the next box 
and you will see the next number to remember. 



Now light up the last box. 



When you light up the boxes this way. always work 
from the left-hand side to right-hand side. 



(5 



NUMBER 



Screen shows 3 boxes (only lower ones) 



Left-hand box flashes 



Little hand points to box, number appears for ,5 sec 
then goes off. 



Middle box flashes next. 

Little hand points to box, number appears for. 5 sec 
then goes off. 

Right-hand box flashes. 



Little hand points to box, number appears for, 5 sec 
then goes off. 



Light up a triangle on left side of screen. 

Move arrow across screen from left to right. Using 
triangle on left as tip of arrow. 
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PAGE 



VOICE 



NUMBER 



I'u 



Now its your turn to light up the boxes, 



Light up the box. 



Light up this one next. 



Light up the next one. 



Good. You saw all the numbers. 



This means the numbers are coining. 



Light up the first one. 



Light up the next o^e. 



Light up the next one 

Good. You saw all the numbers. 



ACTIVITY ON SCREEN 



Shows three lower boxes. 



Left-hand box flashes. 

Upon activation, illuminates the numbers in the 
left hand box for .5 second. 

Middle box flashes 

Upon activation illuminates the middle box for 
.5 second. 

Right-hand box flashes. 

Upon activation, illuminates the number in the 
right-hand box for .5 second. 



Shows three lower boxes. 



Upon activation, illuminates the numbers in the 
left-hand box for .5 second. 



Upon activation, illuminates the numbers in the 
middle box for .5 second. 



Upon activation, illuminates the numbers in the 
right -hand box for .5 second, 11 S 



tEVEL 



voice 
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BLANK 



Now you will see how to recall the numbers. I will 
be telling you rules about which number to recall 
first. 



You will see this every time I am ready to tell 
you a new rule. 

When you hear this (sound 3 short tones, each of 
.1 second duration), it means that it is time 
to recall the numbers. 



I'll show you. 



This means a new rule is coming. 
Here is the rule: 



1 



BLANK 



111* 



ACTivm ON scmn 



Stars flash in alternating pattern 



Stars flash in alternating pattern 
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1.nVEL PAGE VOICE NIWBER ACTIVITY ON SCREEN 



3 


4 , 


This time, you should try to recall first the 
number you saw in this box, 

and then recall the ones in the other boxes. Since 
you always work from left to right, you would do 
this one next, 

and then^ since there aren't any more to the right, 
go back and do the other one* 




5. 


Shows only 3 lower boxes 
Flashes middle box. 

Flashes right-hand box. 
Flashes left-hand box. 






This means the numbers are coming. 












If you light up the boxes in the wrong order, 
they will not show a number. 












Watch what I do. 






Screen shows Z lower boxes 
Left-hand box flashes. 






I light up this one first. 






Little hand points to box, number appears for 
.5 second, then goes off. 

Middle box flashes. 






This one next. 






Little hand points to box, number appears 
for .5 second, then goes off. 

Right hand box flashes. 






And this one next. 






Little hand points to box, number appears for 
.5 second, then goes off. 


ERIC 
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I saw all the numbers. Now I will remember them. 

21 






(recall signal) 

1 no 









LEVEL PACE 



VOICE 



The rule said to remeiaber this one first, 



This number goes there. 



This number goes in the next one, 



This number goes in the other box, 



Let's see if I got it right. 



Good. These are the same. 
Let's look at the next one. 



ERLC 



These are the same. 

Let's look at the next one. 

■ i:'3 



ACTIVITY m SCREEN 



Shows 3 lower boxes, with numbers below them. 



Little hand goes to middle box, then to number 
that belongs in middle box. 



Little hand goes to number that belongs in 
right-hand box. 



Little hand goes to number that belongs in 
left'-hand box. 



Another row of boxes appears above those already 
on the screen. 



Draws box outline around upper and lower middle 
selections. 

Illuminates number in upper middle box, which is 
the same as that in lower middle box. 

Colors in area in box outline. 



Draws box outline around upper and lower 
right-hand selections. 

Illuminates number in upper right-hand box, which 
is the same as that in the lower right-^hand box. 

Colors in area in box outline. 
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tjmi PAGE 



VOICE 



1 Of 

-1 i^r t 



These are the same, too, 



Good. I got them all. 



Now its your turn to recall the numbers, 



Recall this one first, 



Then this one, 
and then this one. 



ACTIVITY ON SCmM 



Draws box outline around upper and lower left- 
hand selections. Illuminates number in upper 
left-hand box, which is the same as that in the 
lower left-hand box. 



Colors in area in box outline. 



3 boxes collapse into 2, 



Trucks move across screen. 



Stars flash in alternating pattern. 
Flashes middle box. 
Flashes right-hand box. 
Flashes left--hand box. 
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VOICE 



6a ri Put your pen on the one you are going to recall 
first 



e 



Good. That's right 




No. Recall this one first 



Put your pen on the one you will recall next. 



Good. That's right 




. No. Recall this one next. 



Put your pen on the one you will recall next 



D 



Good. That's right 




No. Recall this one next, 
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SCftKHN 
NUMBER 



ACTIVITY OH SCREim 



Shows three lower boxes 



Flash middle box (repeat from B until student 
performs correctly). 



Flash right-hand box (repeat from A until student 
performs correctly). 



Flash left-hand box (repeat from A until student 
performs correctly). 
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LEVEL PACE 



VOICE 



The nunibcrs are coming. 



Light up the box. 



Remember the number you saw, Mhcn you* re ready, 
light up this one. 



When you're ready, light up the next one. 



0,K. You saw all the numbers. When you hear 
the beeps, it will be time to recall the 
numbers by putting them where they belong. 




NUMBER 



ACTIVITY ON SCREEN 



7 ' 


Move arrow across screen. 










s 


Shows three lower boxes. 












Left-^hand box flashes. 












Upon activation, illuminates 
left-hand box for . 5 second . 


the number 


on 


the 






Middle box flashes. 












Upon activation, illuminates 
middle box for .5 second. 


the number 


in 


the 


- 




Right-hand box flashes. 












Upon activation, illuminates 
right-hand box for .5 sccoiid 


the number 


in 


the 




8 


(recall signal) 
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iinriiL PAGH 



VOICE 



8 



Remember the rule? 
Do this one first. 



What number was in this box? 

Get it. This will put it in the box. 



Yes, that's right. 



)t^^ 



No, that^s not tne 
right one. Try again, 



What number was in this box? 
Put it in the box. 



Yes, 



that's 



right, 



No, that's not the 
right one* Try again. 
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ACTIVITY ON SCRCIiN 



Shows 3 lower boxes, with numbers underneath, 



Flashes middle box. 



Continues to flash middle box until a number 
is activated. 



Number appears in box. 



Erases number in middle 
until another number is 
appears in box. Repeat 
correct number. 



box. Flashes middle box 
activated. This number 
until student activates 



Flashes right -hand box. 



Continues to flash middle box until a number is 
activated. When activated, the number appears 
in box. 



Erases number in middle 
until another number is 
appears in box. Repeat 
correct number. 



box. Flashes middle box 
activated. This number 
until student activates 
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LEVEL PAGE 



VOICE 



ERIC 



What number was in this box? 
Put it in the box. 



Yes, that's righc. 



No, that's not 
right. Try again. 



Let's see how you did 



This is how I did mine, 



The rule said to do this one first 



I got the one that goes here. 



Moving to the right. 



I got the one that goes in here. 
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ACTIVITY ON SCREEN 



Flashes left-hand box. 



Continues to flash left-hand box until a number is 
activated. When activated, the number appears 
in box. 



Erases number in middle 
until another number is 
appears in box. Repeat 
correct number. 



box. Flashes middle box 
activated. This number 
until student activates 



Illuminates upper 3 boxes above existing boxes. 



Hand points to middle-box. 



Hand goes to number belonging in middle-box - it 
appears in box. 

ffand goes to right-hand box. 



Hand goes to number belonging to right-hand box 
it appears in box. 



134 



LHVEL PACE 



VOICE 



10 



Going back to the left. 



I got the one that goes in here- 



Did you do it that way? 

Let^s see if we did it the same. 



Good, You did just 
like I did. 



Good. Yours is just 
like mine. 
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These don*t match 



Are these the same? 



No. They're not the 
same. 



NUMBER 



ACTIVITY OH SCREEN 



Hand goes to left-hand box. 



Hand goes to number belonging in left-hand 
box - it appears in box. 



Draws box outline around upper 5 lower left-hand 
selections . 



Colors in area in box outline. 
Dissolyes box outline. 

Draws box outline around upper 5 lower middle 
selections. 



Colors in area in box outline 



Dissolves box outline- 



Draws box outline around upper S lower right-^hand 
selection. 
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9 



Are these the same? 




No. They're not 
the same. 

O.K* We're going to try it again • 

This time the rule is to recall. 

This one first. 
Remember that. 

The numbers are coming. 

Remember to go left-to-right . 
Light up the box- 



When you are ready, 
light up the next one. 

Light up the next one- 



137 



NII4BER 



ACTIVITY ON SCREEN 



Blank 



Colors in area in box outline. 



Dissolves box outline- 



Stars flash in alternating pattern. 



Illuminates three lover boxes < 
Flash left-hand box. 



Move arrow across screen, 



When left-hand box is activated, illuminates 
number in box for .5 second. 



When middle box is activated, illuminates number 
in box for .5 second. 



When right-hand box is activated, illuminates 
number m box for ,5 second. 



138 

9 



LEVEL PAGE 



VOICE 



12 



Now its your turn to put the numbers in the boxes, 
Remember which one to put_in first. 



Put in the next one. 



Put in the next one. 



Let's see if yours is the same as mine. 



Good. Yours is just 
like mine. 



These are not the same. 



You did it. 



They don't match 



I3fl 



ACTIVITY ON SCREEN ' 
(recall screen) 

Number chosen by student goes into left-hand box. 

Number chosen by student goes into middle box. 
Number chosen by student goes into right-hand box. 

Illuminates upper 3 boxes above existing boxes. 

Draws box outline around upper § lower left-hand 
selections. 

Colors in area in box outline. 
Dissolves box outline. 

Draws box outline around upper § lower middle 
selections. 

Colors in area in box outline. 
Dissolves box outline. 

Draws box outline around upper § lower right-hand 
selections. 

14U 




o 

ERIC 



Ml 



' ' ■■ i * i* 4* 

NUMBER 



ACTIVITY ON SCREEN 



Colors in area in box outline. 



Dissolves box outline. 



If all three areas are colored in, goes to screen 
11. 



(Repeat from * until student performs two 
consecutive series with 100% accuracy.) 
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LEVEL A 

This is the level at which the students begin assessment and training on circular recall strategy use. 
Thus strategy targeted for training at this level is the ••2/2", which involves reraembering the last 2 
of 4 digits first using a "fast finish" technique, and then remembering the first 2 digits using a 
"ctunulative rehearsal" technique. The students receive training on each of these techniques separately, 
and then learn to chain thejn together. 



1 1 :j 
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VOICE 



I am going to show you some letters. 

Your job is to remember this many letters. 
Here is the recall rule: 

Recall first the letter that appears in this box. 

Which one are you going to recall first? 
Get it. 




f) 



NUMBER 



ACTIVITY OH SCREEN 



Blank 



Shows 4 lower boxes 



Flashes stars in alternating pattern, 

Shows 4 lower boxes 
Flashes B 

3 



Flashes the correct box. 



146 



VOICE 



Let's begin 



Light up the letters in the boxes. 



Put the letters in the right boxes* 
Remember the rule. 



Let^s see how you did. 
Here is the right answer. 



These are the ones that you recalled correctly 



Repeat this page 5 more times for a total of 
6 assessment trials* 
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ACTIVITY m SCREEN 



Moves arrow across screen. 
Shows 4 lower boxes. 

When Bj, activated, LNj , appears in it for .5 Sec. 
When activated, LN2, appears in it for .5 Sec* 
When Bj, activated, LN^, appears in it for .5 Sec, 
When B^, activated, LN^, appears in it for .5 Sec. 
Shows 4 empty boxes. 

Letters appear below in random order in a row. 
(recall signal) 

First letter selected goes in B3 
Second letter seletec goes in B^ 
Third letter selected goes in Bj 
Fourth letter selected goes in B2 

Shows 4 upper boxes above existing ones. Letters 
appear in boxes in correct order ail at once, 
(are not put on one-at-a-timc, ) 

Boxes in area around all correctly matched upper 
§ lower selections, and fills them in with color. 



14S 



IJ-VHL l»AGr; 



voice 



NWfBUR 



ACTIVITY ON SCREEN 



Following final trial comes brief interlude of 
video game. 



Performance: 



Meets criterion on last 3 trials --• 
less than criterion — brief game i 



longer int 
iiterlude, mpve 



er|c 



;rlude of game, move on to next level of assessment 
into training at this level. 
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iJiWJ. Vim 



WICE 



Your job is to remember this many letters 



I'm going to show you some ways to study 

when you have to recall the last 
two letters then the first two letters. 

The first way is to remember the letters in a little 
group. 



I am going to show you how to study the last 
letters. 



151 



ERIC 



Si:Kt;Hff 
NUMUt-R 



ACTIVITY ON SOtHeH 



5. 



Shows screen with lower 4 boxes. 



Distinguishes between two clusters of boxes by 
drawing a blue box around the first two and a 
red box around the last two. 



O O □ D 



152 



Rstructibn - Fast Finish 



VOICE 



T 



See these 2 boxes? 



I'm lighting up the first one. 

It's a lettername , (LN) . I say the letter and 
go on right away to the next one- 



Now I'm lighting up the next one. 



Its a CLN) . I say (LN) 



153 



NUMBI-R 4} 



ACTIVITY ON SCREEN 



Moves arrow across screen 



(Although ail 4 remain on screen, now working 
with 2-box group, only this group is highlighted 
with a larger, red box. 1 



Moves hand to left-hand box of the 2-box group. 



Letter appears in the left-hand box for .5 second. 



Moves hand to right-hand box. 



Letter appears in right-hand box for .5 second. 



If).} 



Instruction - Fast Finish 

M.VI-I. PAlU: 



VOICE 



This tells me to recall all the letters I saw 



Which one went here? 

It was a (LN). I will put the (LN) in the box. 



This one is next. 



Let's see if I did it right. 
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ERLC 



SCRHUN ' ACTIVITY ON SCREOW 

NUMBER 



8 

J 


(recall signal) 


5 




Displays the 2 letters in random order below 
the boxes. 






With all 4 boxes on screen and last 2 highlighted. 






Flashes left-hand box of the 2-box group. 






Little hand goes to (LN) ; letter appears in 
flashing left-hand box and flashing stops. 






Flashes right-hand box. 






Little hand goes to letter for right-hand box; it 
appears in right-hand box and flashing stops. 




15fi , 



f 

I I 



Instruct ion- Fast finis) 
|J.VI;I. tW. 



VOICE 



Here is the way it is supposed to 



Here is what I did. 



Let's see if they are the same. 



Good. They match. 



These match, too. 



Now I want you to help me. 



If57 



SCKl'UN 
NUM6HR 



ACTIVITY ON SCRfiBN 



2 upper boxes appear above lower ones. 



Little hand points to top row. 
Puts a letter in left-hand box. 
then right-hand box. 



Little hand points to bottom row. 



Draws box outline around upper and lower 
left-hand selections. 



Colors in area in box outline between the boxes 
and the out-lining borders. 

Draws box outline around upper and lower 
right-hand selections. 



Colors in area in box outline 



11 



Trucks drive off screen. 



BLANK 



15S 



Instruction - Fast Finish 

U.VV.U mm 



VOICE 



8 



Here are 2 boxes. 

You are going to light up the letters in the boxes. 

Light up this one. 

(It's a (LN) . Say out loud (LN) . 
Now light up this one. 



It's a (LN). Say out loud (LN) . 



Put the right letter in this box, 



Put the right letter in this box. 



159 



SCKIiilN 



ACTIVITY ON SCRUBN 



With all 4 boxes on screen, the groups separated 
and last 2 boxes highlighted: 



Flashes 2 boxes momentarily- 



Flashes left-hand box of 2-box group. 

Upon activation of box, letter appears in left- 
hand box for .5 second. 

(pauses 2 seconds to allow student to respond) 
Flashes right -hand box* 

Upon activation of box, letter appears in middle 
box for .5 second. 

(pauses 2 seconds to allow student to respond) 

J (recall signal) 

With all 4 boxes on the screen and last two 
highlighted: 

The 2 letters that had been in the boxes appear 
below in random order. 

Flashes left-hand box. 

Upon activation of a letter, that letter appears 
in left-hand box. 

Flashes right-hand box. 

Upon activation of a letter, that letter appears 
in right-hand box. 



Instruction - Fast Finish 

u vr.i. vm 



VOICE 



Let's see if you got it tight 
Here's the right answer. 

Let's see if they are the same, 



[3 

Good. They match, 



Good* These match. 



IZI 

No. They don't match 



CZ] 

They don't match. 



ERIC 



SCRIiHN 
NUM&UR 



hCVinVt ON SCRUEN 



5 



Upper row of 2 boxes appears. Correct letters 
are filled in: left-hand, right-hand. 



Draws box outline around upper and lower left- 
hand selections. 

Colors in area in box outline. 



Dissolves box outline. 

Draws box outline around upper and lower right 
hand selections. 



Colors in area in box outline. 



Dissolves box outline. 



1(12 



UiVlil. fA<;i; 



VOICE 



A 


10 


Great. You got them 






Let's do some more. 






Let's try it again. 




• 


lu J 








ERIC 







SCHUfiM 
NUMBCR 



ACTIVITY ON SCRUBM 




If all correct goes to screen U and moves trucks 
across screen. 



If incorrect, repeat from page 7. 



If)} 

9 



' Instructibn - Fast finish 



VOICE 



11 



Light up the letters in the last 2 boxes 
Try to mov^ through these quickly. 



O.K. You saw all the letters. 



Put the letters in the right boxes, 



IKS 



SCRUHN ' ACTIvm ON SCREEN 



1 




Move arrow across screen. 


s 


- 


With all 4 boxes on the screen with last 2 
highlighted: 

Flashes left-hand box of the second 2-box group. 






Upon activation of box, letter appears in left- 
hand box for .5 second. 






Flashes right-hand box. 


• 




Upon activation of box, letter appears in 
right-hand box for .5 second. 


__\ 




(recall signal) 






All 4 boxes on screen, last 2 highlighted. 
Displays xetters in random order below boxes. 




- 


Flashes left-hand box of the second 2-bo:. group. 






Upon activation of letter, it appears in left- 
hand box. 




- 


Flash right-hand box. 






Upon activation of letter, it appears in right- 
hand box . 




inf5 



f 



SCttf:i:N 
NUMBliR 



ACTIVITY ON SCWiCN 



IBS 



t^' fnstrtiction - fast Mnisii 
u:vi.i. iwa: 



VOICE 



13 



Good, you got them all, 



Let's try again. 



SCRI*.nN 
NUMBUH 



ACTIVITY ON SCREEN 



■ 3 W;^--- 




If all correct, 

go to screen 11 and move trucks across screen. 
Go to next page. 



If incorrect, 
repeat from page 11. 



170 

• 



fnstrttction <• rast fiitssit 



VOICE 



14 



Light up the last 2 letters in the boxes. 



Put the letters in the right boxes... 



17 

ERLCl 



ACTIVITY ON SCREHN 



Moves arrow across screen. 



With all 4 boxes on the screen, and last 2 
highlighted: 



Upon activation of left-hand box, letter appears 
in it (activation of any other box is ignored) 
for ,5 second. 



Upon activation of right-hand box, letter appears 
in it for .5 second, 

(recall signal) 

With all 4 boxes on the screen and last 2 
highlighted: 

Display letters in random order below boxes. 

As student selects each letter, it goes into 
a box: 

Box #3 - box into which 1st letter selected appears 
Box #4 - box into which 2nd letter selected appears 



172 



Instruction - Fast Finish 
I4:VEL PAGE 



VOICE 



15 



(Repeat comparison procedure 1 (Page 9).) 



ERIC 



/ 
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SCKl'i'N ■ * 
NUMBER ACTIVITY ON SCREEN 

174 



Instruction - Fast Finish 
LEVEL PAGE 



VOICB 



16 



Good. You got them all. Let^s do some more, 



Let's try again. 



ERIC 



175 



SCREEN 
NUMUEK 



ACTIVITY ON SCREEN 



If all correct: 

Go to screen 11 and move trucks across screen. 
Repeat page 14 five more times. 



If incorrect: 
Repeat page 11 



176 



' uMh vmn VOICE 



17 (If after 6 trials at page 14, student is performing 
at or above the specified accuracy criterion for the 
particular list length across the last three trials, 
he noves on to the next page,) 



ERIC 
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scnnnM Acrxvin oh scmm 

NUNBIIR 



17S 



uie»i.riM.i.i«»ii - cunuiULive Kttiivarsai 

fj-vni. t'Ai;n 



18 



You just learned a way to remember these letters. 



Now you are going to learn a way to remember these 
first two letters. 



So that you can remember them when you have to 
remember the last two and then the first two, 
you will need to practice letters by saying them, 
first out loud and then in your head». 

You are going to see the lettera one at a time like 
before. Watch me. 



ERIC 



1 



NUMBER 



ACTIVITY ON SCREFN 



Shows 4 boxes, but nothing is highlighted. 



Highlights last 2 boxes with a box around them. 



Eliminates highlighting of last 2. 
Highlights first 2 in same manner. 



ISO 



lnstnt€Ci<m 
ijvi.i. VMm 



' CinulAtlve ftehcarsai 

VOICE 



19 



When this letter comes on, I'm going to say it 
once. 



LN 



(Voice says LN aloud.) 



When this letter comes on, I will say the first 
letter, then the second one, Until I am sure I 
know then. 



(Voice says both letters aloud, twi'ce.) 



ISl 



smim 



ACTIVITY ON SC«lil:M 



Move arrow across screen. 

Shows boxes, highlighting first 2, 

Flashes left-hand box* 



Little hand goes to flashing box; letter appears 
in box for .5 second. 



Flashes right-hand box. 



Little hand goes to flashing box; letter appears 
in box for .5 second. 



1S2 



20 I'm practicing the letters to help lae recall them. 



ERIC 



1S3 



SCRMHN 
Nt^BCR 



ACTi Vriy UN i»UiUUH 



BIANK 



8 



(recall signal) 



Shows 4 boxes, highlighting first 2. 
Letters appear below. 

Display letters in random order below boxes. 
Hand goes to (LNj); letter appears in Ui box, 
Hand goes to (LN2); letter appears in RH box. 



0 



1S4 



Instruction - Ctonilatlve rehearsal 
LnVBL PAGE VOICE 



21 



Let's see if I got them right. 
Here's the way it is supposed to be. 



Here is j^hat I did. 



Let's see if they are the same. 



Good, they match. 



These match, too. 

I got them all right. 

Now I want you to help me* 
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ERIC 



SCKCHN 
NUMBER 



ACTIVITY ON SCREEN 



Upper row of 2 boxes appears. 

Little hand points to the top row. 

letters are filled in:left-hand, right hand 



Little hand points to bottom row. 



Draws box outline around upper § lower 
left-hand selections. 



Colors in area in box outline. 

Draws box outline around upper 5 lower 
right-hand selections. 

Colors in area in box outline. 



-11- 



Moves trucks across screen. 



— Blank- 



1S6 



I 



Instruction - Cimulativa Rchcarftai 

iiwx mm VOICE 



22 



See the flashing box? Light it up. 



Out loud, say LN^ 



Light up the next box. 



Out loud, say 

LNj, LN2; LNj, LN2' 



Nov^ it's your turn to put the letters in the boxes 



What goes here? 



What goes here? 



1S7 



S(;i«;I:N 



ACTIVITY (m scmm 



Moves arrow across screen. 

Shows 4 boxes, highlights first two. 

Flashes left-hand box. 



When activated, flashing stops and letter LNj^ 
appears for .5 second. 

(pause 1 second to allow student time to repeat) 



Flash right-hand box. 



When activated, flashing stop*: and letter LN2 
appears for .5 second. 

(pause 2.5 seconds to allow student time to repeat) 



8 (recall signal) 

Shows 4 boxes, highlighting first two. 
Letters ( LNl § LN2) appear below in random order, 



Flashes left-hand box. 

When activated, letter appears in left-hand box. 
Flashes right-hand box. 



When activated, letter appears in right-hand box. 



188 



Instruction « emulative Rehearsal 



23 



CM 
0) 

a 
o 

o 
t/) 

P. 

O 

u 



Let's see if you eot them right. 
Here's the right answer. 

Let's see if they are the same. 



Good. They match 



No. They don't match. 



They match < 



They don't match- 



!S9 



AaiviTY (w scRnnN 



Upper row of 2 boxes appears. 

Letters are filled in: left-hand, right-hand 



Draws box outline around upper and lower left- 
hand selections- 



Colors in area in box outline. 



Dissolves box outline. 

Draws box outline around upper and lower right-hand 
selections . 



Colors in area in box outline. 



Dissolves box outline. 



190 



IJ.VIil. 



VOICE 



24 



Good. You got both of them. 



Let's do some more, 



Let's try again. 



ACTIVm &i SCRliUN 



If all correct, 

goes to screen 11 and moves trucks across screen. 

go to next page. 

If incorrect. 
Repeat from page 22, 



192 



Instruction - Ci»Milative Rehearsal 

M.vni. mul VOICE 



25 



Light up the letters in the boxes. 

Remember to say them over and over in your head, 



You saw both of the l-.tters - Put them in the right 
boxes. 



FRIC 



1U3 



SCKf:f:N 
NUMBl-R 



ACTIVITY ON SCRUUN 



7 Moves arrow across screen. 



5 With all S boxes on the screen, and first 2 
highlighted. 



Flashes left-hand box. 

When activated, flashing stops and letter LNj 
appears in it for .5 second, 
(pause 1 second) 

Flashes right-hand box. 

When activated, flashing stops and letter LN2 
appears in it for .5 second, 
(pause 2.5 second) 

s (recall signal) 

5 K 

Shows 5 boxes, highlighting first two. 

Letters appear below in random order. 

Flashes left-hand box. 

When activated, letter appears in left-hand box. 
Flashes right-hand box. 

When activated, letter appears in right-hand box. 



194 



Instruction - Cumulative Rehearsal 
I.HVf'L PAGE 



VOICE 



26 



Repeat comparison procedure 2 page 23 



If; 5 



ERIC 



SCIU!f:N 
NUMRI-U 



ACTIVm ON SCRHEN 



I 



.l:VI:I. l'Ai;i; VOICE 



27 



ERIC 



Great. You got them both. 
Let's do some more. 

Let's try again. 



197 



Acn ivmr on scrui-n 



If both correct: 

Go to screen 11 and moves trucks across screen. 
Go to next page. 

If incorrect: 
Repeat from page 25. 



ins 



M illf ' Cumulative Rchcarsal^Qj^g 




Light up the letters in the boxes. 



Put the letters in the right boxes. 



1S9 



ScuHHN ACTtvny UN SCKIiUN 

NiiMiiiiR 



7 


Moves arrow across screen. 


5 




With all 4 boxes on the screen, and first 2 
highlighted: 


- 




When left-hand box is activated, 
letter LNj appears in it for ,5 second. 






whpn richt-hand box is activated* 
letter LN2 appears in it for ,5 second. 




3 


(recall signal) 




5 


Shows 4 boxes, highlighting first two. 
letters appear below in random order. 










First letter activated appears in left-hand box. 






Second letter activated appears in right-hand box 



2(.0 



Instruction - Cumulative Rehearsal 
IJ-vnt PAGG VOICE 



ERIC 



29 



Repeat comparison procedure 2 page 23. 



201 



SCKHilN 



AaiVITY ON SCRHEN 



202 



liiivtrticiioii 
LLVtl. I'ACIII 



VOICB 



30 



Great. You got them both, 



Let's do some more. 



Let's try again. 



ERIC 



2v3 



mmnm 



ACTIVITY OH samm 



If all correct; 

Goes to screen II and moves trucks across screen. 
Repeat from page 28 five more times. 



If incorrect: 
Repeat from page 25. 



204 



Instruct iuii - iiitoritolalatl Uclay 
fJ;VI;L VMin 



32 



Light up the letters in the boxes. DonH move 
on to a new letter until you are sure ycu can 
remember the other ones. You can practice them 
as many times as you want to be sure you know them. 

Light up the letters in the boxes. 



Put the letters in the right boxes. 



2f;5 



ERIC 



scui-f-N ACTIVITY ON scmm 

NIIMBim 



7 


Moves arrow across screen. 


i 

- 


3 


With all 4 boxes on the screen and the first 2 
highlighted: 






When left-hand box is activated, LNi appears 
in it for .5 second. 






When right-hand box is activated, LN2 appears 
in it for .5 second. 


8 


(recall signal - question mark remains on screen 
for 1 second; 3 beeps enter after ,7 second has 
elapsed.) 






c 




Shows 4 boxes, highlighting first 2 letters 
appear below in random order. 






First letter activated appears in left-hand box. 






Second letter activated appears in right-hand box. 




21 f; 



Instruction - Interpolated dcljiy 



A 



33 



Repeat Comparison Procedure 2 page 23. 



SCUliliN" 



ACTIVITY ON SCREEN 



2(i8 



uf^^S"!^)^" - »nt<-*n»olatcU delay voiCE 



34 



Great, You got them both- 

Sec, you can really remember those letters, even 
if you have to wait before recalling them. 



Let's do some more. 



□ 

Let's try again. 



2(9 



ERIC 



ACTIVITY ON SOiUUN 



If all correct: 

Go to screen 11 and move trucks across screen. 



Go to next page. 



Repeat from page 32. 



2/9 



A 


35 




7 


Ktoves arrow across screen 










S 


With all 4 boxes on the screen and first 2 
highlighted: 






Pin going to make you work a little harder. This 
time you arc going to have to remember the letters 
for a longer time before you can recall them. 
Practice the letters over and over while you are 
waiting to put them in the right boxes. This will 
help you remember them. 












Light up the letters in the boxes. 






When left-hand box is activated, Lfii 
appears in it for ,5 second. 

When right-hand box is activated, LN2 
appears in it for .5 second. 






Practice these until its time to put them in 
the boxes. 














8 


(recall signal - question mark remains on screen 












for 2 seconds; 3 beeps after 1,7 seconds have 
elapsed. 






• 

211 






212 















ERIC 



Instruction - Interpolated Uclay 
|,|;VI:f, VACV. VOICE 



35 



Put the letters in the right boxes. 



2i3 



ERIC 



SCWIHN 



ACTIVnV OH SCRUUN 



Shows 4 boxes, highlighting first 2. 
Letters appear below in random order. 



First letter activated appears in left-hand box. 
Second letter activated appears in right-hand box. 



214 



Instruction - interpolated delay 

M.vi:f. i'A(;k voice 



ERIC 



37 



.Repeat Comparison Procedure 2, page 23, 



215 



SCW.I-N ACTlVm ON SCIUiliN 

Hvmm 



2ifi 



Instructtun - Intcrpulatctl delay 

|.|;Vfil. f'ACHi 



A 


38 








Great. You got them both 






Let's do some more* 






□ 



Let's try it again. 
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SCKIUiN 
NUflBilR 



ACTIVITY ON SCRUliN 



If all correct; 

Go to screen 11 and move frogs across screen. 
(Go to next page.) 



Repeat from page 35. 



2iS 



lii^iiXKttioii * liiturii^iatf;a iiviuy 

imM mm voice 
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Remember to practice the letters until you* re sure 
you know them. 

Light up the letters in the boxes. 



Put the letters in the right boxes. 




2 iff 



SCUIHiN 
Nl»tiM:R 



ACTIVITY ON SCRIiUN 



Moves arrow across screen. 



With all 4 boxes on screen and first 2 
highlighted. 



When left-hand box is activated^ LNi , 
appears in it for *5 second* 



When right-hand box is activated, LN2, 
appears in it for .5 second. 

(recall screen - question mark remains on screen 
for 3 seconds; 3 beeps after 2.7 seconds have 
elapsed. ) 



Shows 4 boxes, highlighting first 2. 
Letters appear below in random order. 



First letter activated appears in left-hand box. 
Second letter activated appears in right-hand box. 



2> 



ij:vi:i. 1'A<:i: 



VOICE 
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Repeat Comparison Procedure 2, page 23. 
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Great. You got them both. 



Let's do some more 



□ 



Let's try it again. 

Keep saying the letters over and over in your head 
to hel you recall them. 



2 



ERIC 
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mmnv.R 



ACTIVITY ON SCRUUN 



If all correct: 

Go to screen 11 and move mice across screen* 



Repeat pages 39 thru 41 with: 

A. 4- second delay during Recall Screen: 
question mark up for 4 seconds; 3 beeps after 
3,7 seconds. 

If correct, repeat pages 39-41 with 

B. 5-second delay during Recall Screen: 
question mark up for S seconds; 3 beeps after 
4.7 seconds. 

If '*B" correct, repeat pages 39-41 with 

C. 6-second delay during Recall Screen: 
question mark up for 6 seconds; 3 beeps after 
5.7 seconds* 

If '*C" correct, go to next page. 



Repeat from page 39 with appropriate delay 
interval . 



2.: 4 



^ Ij^sf n^^^t^JjPn - Interpolated delay ^^^^^ 
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Repeat "C" (page 41) 5 more times. 
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NUMBER 
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If, after 6 trials at "C" (page 41) student is 
performing on last 3 trials at or above the 
specified level for accuracy and omega^ for a 
given list length, he moves on to next page. 




• 
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Now you are going to use all the things that 
you've learned at once so that you can recall 
all these letters. 


5 


Shows 4 boxes, not highlighted in any way. 












I'm going to see if you can reroember all these 
, letters at one time. 






Flashes all 4 boxes. 








( 










This is the rule. 






Stars flash in alternating pattern. 

- 
























Shows boxes, not separated. 






Start recalling with this one first, then this one, 
and this one. and that one. 






Flashes boxes in appropriate circular recall 














I'll show you what I mean. 












I'll pretend to be you. Watch how I study the 
letters so that I can recall the last ones and 
then the first ones. 












2 M 
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I'm going to light up the letters in the boxes. 
I'm going to practice the first two over and over 
in my head, and then move through the last two 
quickly. 






Arrow moves across screen 












s 


Shows 4 boxes (to be referred to in this narrative 
as Bl B2 B3 B4 for explanatory purposes) 














Little hand goes to Bl. LN, appears for .5 second. 














Little hand goes to LN2 appears for .5 second. 








LN LN,, LN . LN^ . - 
I ' 2' 1' 2 

I'm practicing these to make sure I know them. 

- 






Little hand goes to B3, LN^ appears for .5 second. 








LN3 






Little hand goes to B^, LN4 appears for .5 second. 








LN4 - ■ 
















8 


(recall signal) 










c 




Shows 4 boxes 

Letters appear below in random order. 








The rule told me to recall this one first. 






Little hand goes to B3. 








Vihdt letter was there? 






Little hand goes to It appears in B3* 








Now I'll go back and recall the ones I practiced. 






Little hand goes to LN^. It appears in B^. 
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Little hand eocs to LNi It aooear<; in Ri« 




ERIC 
1 




Let's see if I did it right. 






Little hand goes to LN2» It appears in B2^ 

1 


9 
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VOICE 
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Here is the way it is supposed to be. 



Here is what I did. 



Good they match. 



Good they match. 



Good they match. 



These match, too. 

I got them all right. 

Now I want you to help me. 



ERIC 
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NUMBER 



ACTIVITY ON SCRUGN 



Blank 



Upper row of 4 boxes appears. 
Little hand points to the top row. 
Letters are filled in this order: 
( 1 letter every .2 second) 

B3, B4, Bj, B2 

Little hand points to bottom row. 

Draws box outline around upper and lower B, 
selections. 



Colors in area in box outline. 



Draws box outline around upper and lower 
selections. 



Colors in area in box outline. 

Draws box outline around upper and lower B. 
selections. 



Colors in area in box outline. 

Draws box outline around upper and lower B2 
selections . 



Colors in areas in box outline, 



11 



Moves trucks across screen, 
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VOICE 
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Remember the rule: 



When you are recalling where the letters go, 
do this one first. 

Which one are you going to recall first? Get it* 




Yes ^ that the one 



(ZI 

t No, its this one (Flash S-^") 
^ (Repeat procedure from level 3 
page 6a with the appropriate 

f recall pattern) 

You are going to light up the letters in the boxes. 
Remember to say the first two over and over in your 
head, and then move through the last two quickly. 

See the flashing box? Get it I 



IN J,, IH2; LNp LN2. 



Repeat these until you are sure you know them. 
When you're sure you know them, then get the 
next one. 
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Stars flash in alternating pattern. 
Shows 4 boxes; flash B3. 

Flashing stops. 


5 










7 


Arrow jnoves across screen • 


s 


Shows 4 boxes. 






Flash B^. 






When B| activated, flashing stops and LNj^ appears 
in it for ,5 second. 






(Pause 1 second to allow student time to repeat.) 






Flashes 






When B^ activated flashine: stoos and LN^^ annears 
in it for .5 second • 






(Pause 3 second to allow student time to repeat,) 






Flashes B^. 






When \ activated, flashing stops and LNj appears 
in it tor .5 second. 










Flashes B^ , 






When Bj|^ activated, flashing stops and I.N4 appears 
in it tor .5 second. 0 0£« 



Instruction 
IJiVlil, VMin 



- Chaining 



VOICE 
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Now it's your turn to put the letters in the boxes. 
Which one did the rule say to recall first? 
Get it! 

Good YEl 

No, Recall this one first 

IVhat letter goes here? 



What letter goes here? 



Here? 



Here? 



SCUUIiN 
Nl»tBER 



ACTIVITY ON SCREEN 



(recall signal) 
Shows 4 boxes 

Letters appear below in randora order. 



Flashes Bj. 

When activated, letter appears in Bj, 
Flashes B^. 

When activated, letter appears in B^, 
Flashes B^^ . 

When activated, letter appears in Bj- 
Flashes 



When activated, letter appears in B2 



23 S 



VOICE 
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Let^s see if you got it right, 
Here^s the right answer. 



to 

CI 

u 
o 

a. 
o 

C3 

O 

u 



Let's see if they match. 



Good they match 




They match 



□ 

They match 



Good, They match 



23U 



No. They don't match. 



□ 

They don't match, 




They don't match. 




They don't match. 



SCKUIiN 
NUMBER 



ACTIVITY ON SCREEN 



Upper row of 4 boxes appears. 
Letters filled in in this order; 

"j- "4- "l' »2- 



Draws box outline around upper and lower B3 
selections. 



Colors in area in box outline. 
Dissolves box outline. 

Draws box outline around upper and lower B4 
selections. 

Colors in area in box outline. 
Dissolves box outline. 

Draws box outline around upper and lower B, 
selections. ^ 

Colors in area in box outline. 
Dissolves box outline. 

Draws box outline around upper and lower B2 
selections. 

Colors in area in box outline. 
Dissolves box outline. 
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Good. You got them all* 



Let's do some siore* 



Let's try again. 
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SCIUlUN ACTIVITY ON SCREEN 

NIMBER 

■ If all correct: 

— — Goes to screen 11 and moves trucks across screen. 

' ' ' ' - ' If incorrect: 

Repeat from page 41. 
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Remeraber the rule: 
Recall this one first, 



Get the one you will recall first. 




No. You should recall 
this one first 



Light up the letters in the boxes. 
Remember to say the first two over and over in 
your head until you* re sure you know them, and 
then to move through the last two quickly- 



Remember to say these over and over in your head. 



Go through these next 2 quickly. 



^ 'T' ' 
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NUMBUR 





Flashes stars in alternating fashion. 




S 


Shows 4 boxes; flash B3 for 1 second. 






Flashes Bj . 


7 


msj V vJ> all sjYi dk^l 3 V. X t^t^II • 




5 


Shows 4 boxes. 






Flashes Bj. 






When Bj activated, flashing stops and LN^^ appears 

111 li. iUl 5vwUi>U« 

(pause 1 second) 






Flashes 






When B2 activated^ flashing stops and LN2 appears 
in it for ,5 second. 






Flashes 83. 






When 83 activated, flashing stops and LN3 appears 
in it for ,5 second. 

Flashes B4. m m 

C 11 

When B4 activated, flashing stops and LN4 appears 
in it for ,5 second. 



Instruction 

fj viiL mm 



- Chaining 



VOICE 
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Put the letters in the right boxes 
Remember the rule. 



SCIUIUN 
NUMBER 



ACTIVITY ON SCRliUN 



8 



(recall screen) 



Show 4 boxes 

Letters appear below in random order, 



Flashes B3, 

When activated, letter appears in B3, 
Flashes B^, 

When activated, letter appears in B^, 
Flashes B^. 

V^ien activated, letter appears in B^^ • 
Flashes 

When activated, letter appears in 



2 Hi 
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NUMBER 
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Repeat Comparison Procedure 3, Page 43. 






O 

ERIC 

1 
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Instruction- Chaining 

i.i:Vi:i. I'Acn- 



VOICE 



54 . Good you got them all 
Let's do some more. 

Let's try again. 
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SCUUUN ACnVITY ON SCRUnN 
NUMBER 

♦ 

— If all correct* 
Goes to screen 11 and moves trucks across screen. 

If incorrect. 
Repeat from page 45* 
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|.l;Vf-l. I'AdI; 
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Light up the letters in the boxes. 



Put the letters in the right boxes 
Remember the rule. 



ERIC 



SCUlUiN ' ACTIVITY ON SCREEN 

NUMBER 



• 

7 

r ■■ 


1 MOVGS aTTOW A<^Trt«S<l <Sf*t»#»ATI 

1 f *V VV*^ <»AAVn CLV-XVS^ 3VaWVI1« 








5 












j Shows 4 boxes. 










1 rvi4«;^i» ui civ J. V o L. ^ Lii^i cLf^pCdl;!) XII Xv 

j second. 


£or 


c 






1 fviiv^iA ttwcx vcil-cu y X/n2 a.ppv<iXi> XH It 

second , 


for 


c 






1 When Bi activated IfJ^ anripjir^ in "It 

second. 


X vJT 


c 






When B4 activated, LN4 appears in it 
I second. 


for 


.5 


8 


(recnU screen) 






1 












Shows 4 boxes. 










Letters appear below in random order. 

First letter selected appears in Bj. 
Second letter selected appears in B4. 
Third letter selected appears in Bj. 
Fourth letter i>electcd appears in 








Co ^ 







liistt'ucL juil - Uiaiiiiiig 
IJ.VIil. I'ACH 



VOICE 



56 I Repeat Comparison Procedure 3, Page 43. 
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Great, you got them all. 



Let's try again. 



rt sz r- 



SCm-HN ' ACTIVITY ON SCRHCN 

m\mR 

If all correct: 

Goes to screen 11 and moves trucks across screen. 
Repeat from page 49 five more times. 

If incorrect: 

Repeat from Page 45. 



Instruction - Chaining 



If after 6 trials at page 49 student is perfonaing 
.at or above the specified accuracy and oinega2 
criteria for the particular list lengths during the 
last 3 of the 6 trials, s/he receives the assessment 
for the next circular recall requirement. 

Before the beginning of instruction on the third 
level of circular recall, the student sees an3 
hears the following: 

You are doing a great job. When you had to 
remember this many letters 

You recalled these first 

and then went back and recalled these. 

and when you had to remember this many letters 

you recalled these first 

and then went back and recalled these. 

You practiced some of the letters over and over,-- — 
and remembered some in a little group _,. - ~ 



Now you'll get a chance to do this with more letters 
Keep up the good work. 
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ACTIVITY ON SCIUiUN 



Shows 4 boxes 



a a 



a a a 13 a 



D a a n D 1 
I—— 1 


D D 


nan 




O (3 in 1 



draws box around last 2 

draws box around first 2 

and eliminates box around last « 

Shows 5 boxes 

draws box around last 3 

draws box around first 2 

and eliminates box around last I* 

draws box around last 3 
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Instructions for Video Game 
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VOICE 



. You will make the universe safe for mankind if you 
make contact with ail the blue stars. 

You make contact every time you put your light on 
a blue star. 



You get a point for each blue star you contact. 

Sometimes the stars will be shooting stars that 
move, and then they'll be worth 5 points if you 
make contact with them. 

The evil alien ship is roaming the universe 
trying to capture blue stars. 

If it does, the only way to get them back is to 
blast the alien ship with a missile as it moves 
across the screen. 

You can fire missiles by putting your light in 
the middle of the launch pad. 

If you blast the alien ship when it is carrying 
captured stars, the stars will be released and 
you will score a point for each one* 



If you contact all the blue stars and blast the 
alien ship you will get to play for an extra 
minute. 



o r; M 



SCUUHN 
Nl^fBER 



ACTIVITY OH SCREEN 



Show several blue stars • 



Show little hand going to blue star among red 
and yellow stars. When hand contacts star, it 
turns white, whistles, and then disappears. 

Show number 1 in score box. 

Show blue shooting stars. 



Show alien ship crossing screen full of stars, 
grabbing stars in its path. 



Show little hand contacting center of launch pad, 
firing a missile that hits the alien ship. 

Show alien ship blowing up and point total 
increasing in score box. The stars that were 
inside the ship remain on the screen for 1 second, 
turn white, and disappear* 
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WlWhMf VOICE SCRIiUN ACTIVITY ON SCRUON 



NUMBER 





•You will make the universe safe for mankind if you 
make contact with all the blue stars. 




Show several blue stars. 




You make contact every time you Put your liizht on a 
blue star and push the button. 




Show little hand 2oinff to blue star amoniz red 
and yellow stars. When hand contacts star, it 
turns white, whistles, and then disappears. 




You cet a Domt for each blue star vou contact . 




Show TiiimhPT 1 in score box . 




Sometimes the stars will be shooting stars that 
move, and then they'll be worth 5 points if you 
make contact with them. 




Show blue shooting stars. 




The evil alien ship is roaming the universe 

t'T*vi no t" o cnnt'iifc* hlii£> ct'^it**; 




Show alien ship crossing screen full of stars, 

ot^nhfiino <;t'fiT'<; in "it's nflt*li 




If it does, the only way to get them back is to 

Hln^st" t"hf» nlion <chin wit*}! a nii^i^iilp a<5 if' itinvp<i 

across the screen. 









You can fire missiles by putting your light in 
the middle of the launch pad and push the button. 




Show little hand contacting center of launch pad, 
firinp a missile that hits the alien ship. 




If you blast the alien ship when it is carrying 
captured stars, the stars will be released and 
you will score a point for each one. 




Show alien ship blowing up and point total 
increasing in score box. The stars that were 
inside the ship remain on the screen for 1 second 
turn white, and disappear. 




i JC rou contact all the blue stars and blast the 
^ iJi ii ship you will get to play for an extra 
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Screen Layouts 



Screen Number 



12 Title Screen - Parameters (assessment /training, 

student records) 

13 Parameters - Student name/date 

< previous interactant) 

14 Parameters - Student name/date 

(new interactant) 

15 Parameters - Selection mode, game speed, etc. 

20 Parameter review 

1 Light pen 
3 Joystick 

2 Familiarization with selection mode drill 
9 Two-digit span with correction boxes 

5A Digit span (up to 9 characters) 

5B Digit span with correction boxes 

6 Rule screen 

7 Ready screen 

8 Recall screen 

11 A Reward screen - trucks 

IIB Reward screen frogs 

lie Reward screen - mice 

21 Video game 

16 Continue interaction 
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Video Gaioe 

The setting for the game is intergalactic space; the object is to make 
contact with stars, with points accumulated for each star contacted. 
An evil alien ship, Stargrabber II. is continually moving through 
space capturing stars in its path. 

Interludes of the game will follow each assessment portion. If the 
student meets criterion for the assessment, (s)h^ *111 receive a longer 
interlude, i.e., three minutes, than the one routinely provided, i.e., 
two minutes. The game interlude after the very first assessment will 
be approximately four minutes long to provide time to explain the 
rules of the game. 

There are four levels of difficulty. The screen for each level 
contains 16 target stars and 16 meteors that serve as distractors. 
The basic screen color is black. Target stars are blue; distractors 
are red and yellow. At levels three and four a portion of the target 
stars will be shooting stars (i.e., they will move). 

Level 1 

The stars and meteors are stationary (i.e., they remain in the same 
position) throughout the interlude. Their locations on the screen are 
approximately evenly dispersed. The objects are illuminated for 5 
seconds, then disappear for 5 seconds. The alien ship does not appear 
during Level 1. 

Level 2 

The stars and meteors are again stationary throughout the interlude. 
The stationary objects are illuminated for one second, then disappear 
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for two seconds. The alien ship appears during Level 2, and remains on 
the screen for the amount of tine necessary for it to cross the screen 
from left to right. The ship will travel at a rate of one inch per 
second . 

level 3 

Twelve distractor meteors and twelve target stars remain stationary 
throughout the interlude; four stars and four meteors move. The 
stationary objects are illuminated for one second, then disappear for 
two seconds. The moving objects travel across the screen at a rate of 
two inches per second and, like the other objects, remain illuminated 
for only one second. They reappear two seconds later, and this 
reappearance may occur at any location on the screen. The movement 
pattern is identical to that previously described. The alien ship 
appears during Level 3, and remains on the screen for the amount of 
time necessary for it to cross the screen from left to right. The 
ship will travel at one inch per second. 

Level A 

t 

Eight stars and eight meteors remain stationary; the remaining ones 
move. Stationary objects continue to flash at a rate of one second 
on, two seconds off. The moving objects travel at a rate of four 
inches per second, remaining illuminated for one second. They 
reappear two seconds later, and this reappearance may occur at any 
location on the screen. The movement pattern is identical to that 
previously described. The alien shi^appears during Level 4, 
remaining on the screen for the amount of time necessary for it to 
cross the screen from left to right. The ship will travel at two 
inches per second. 

3 ■■ 5 
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Thiles of the Game 

The object of the game is to collect points hy contacting stars. 
Stationary stars are worth one point; shooting stars are worth five 
points. When a star has been contacted, it turns white, whistles, and 
then disappears from the screen. Nothing reappears in its place. The 
alien ship appers in Levels 2. 3. and 4. and crosses the screen in a 
straight line near the top; any stars in the path of the alien ship 
are captured by the ship and appear inside the ship for the remainder 
of its journey across the screen. The ship itself is worth ten 
points. The player has an opportunity to release the captured stars 
and add their point values to his/her total by blasting the alien ship 
before it leaves the screen. This can be accomplished by hitting the 
ship with a missile fired from one of three missile launch pads 
located at the bottom of the screen. Any stars in a missile's path 
are destroyed. There are an unlimited number of missiles available. 

The player gets an extension of play if time remains, no more point- 
carrying elements remain on the screen, and the alien ship has been 
blasted. In the event that all but the last requirement are 
fulfilled, the alien ship will continue to periodically traverse the 
screen at varying heights until it is blasted or time runs out. 

An extension of play provides the player with a new screen and play 
proceeds as it did at the interlude's commencement. 

The playing time remaining and points accumulated always appear at the 
bottom of the screen. Time durations of the stars, meteors, and ship 
specified above relate to both response modes described below. 
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Durations and playing time will be adjusted in either response mode to 
make them of the sasie approximate difficulty level , as determined in 
pilot testing. 

Mode 

Light pen - player touches stars with light pen to contact them and 
activates missile pad by touching circle in middle of pad. 

Joystick - player directs cursor to star /missile pad with joystick and 
presses button for contact activation. 
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Software Evaluation 



We are requesting that you review this software design for its 
suitability, useability, and aarketability, even if you do not believe 
it is appropriate for your product line. 

Suitability 

What do you perceive as the primary purpose of this so£t)#are? 
Is the program as written appropriate for this purpose? 
Wiat changes can be made to make the program more appropriate? 
Other ccMnments on suitability? 

Useability 

What aspects of the software contribute to its useability? 
What aspects of the software detract from its useability? 
How can these detractions be offset or changed? 
Is the software appropriate for the target population? 
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Marketability 

VhoBJ do you regard as potential consumers of this softwre? 

What is the commercial marketability of this software? 

What changes do you recommend to improve the software's marketability? 

What do you estimate to be the annual volume of sales of this 
software, with strong promotion and endorsement by ARC/US? 

Other coirenents on marketability? 



Please Rate the Software on this Continuum 

Low Hig*^ 

Suitability 1 2 3 A 5 6 

Useability i 2 3 A 5 6 
Marketability 12 3*56 

We welcome any additional comments. Space is provided below. 



Thank you very much for your assistance in the evaluation of this design, 
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Dear 



.our child is ^«,>':ri:re5ratron:i"rput^ , 

TsTt^Te »f d.v: ?hrorgh1hrcioperativ'e efforts of special 
remediation. 

The software is designed to child on a n»her of related^^ 

r'thafrs): "an'^sf "be i^e s^ucce^ful! children's 
strategies evaluated before and after their 

r/p rirr^thtif sofSS: fo'se^if they usmg the strategies 
they l^rned fron the computer in other activities. 

There is virtually no ,T^^^^^^^ 

tTJ^7Z-s.Zl fcr„^Uy VtivL'e the children to per£or„ better. 

The children who participate can reasonably be «P««-^4°,Jr„:^" 
fro- the program in """^.f^^- ^JjecUy. anS they'may also be 

rseThrswSletl ughf " tSt:.Tn''o;her situations. In 
"adJit »!nhefr in'rerat^ns •^th the con.Vter and t.. tra.n.ng 
assistani should be satisfying and enjoyable. 

This research is being f "f-^^J-^Vs'j^^Tht'rs! S'partfenf of 
^Ei'uJ-ion" ^^^^ S a P^rticipatiL. and will be 
glad to answer any questions you might have. 
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Participation in this research is voluntary, and if you choose not to 
have your child participate there will be no penalty or loss of ^ 
privileges for your child. You may also discontinue your child s 
participation at any tine. 

Results of this project will be shared with other parents and teacher 
through presentations and publications in arpropriate journals; 
however, no written or oral accounts of tnis research will mention 
your child or any other child by name. 

Project staff members will be most happy to share the research result 
with you. We thank you in advance for your consideration of this 
matter, and we look forward to including your child in this project. 

Sincerely, 



Al Cavalier, Ph.D. 

Director, Bioengineering Program 

Department of Research and Program Services 

AC/co 
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U.S. DEPARIKEirr OF EDUCATION 
OFFICE OF SPECIAL EDUCATION PROGRAMS 
CONTRACT NO. 300-84-0156 



TECIfllOLOGY TO ENHANCE SPECIAL EDUCATIONS 
REMEDIATION OF PROH.BMS IN LOGICAL THINKING AND MEMORY 



Evaluation of the Progran Specifications by Conunercial Software Companies 



PROJECT STAFF: • 

AL CAVALIER, HI.D. 
BETH MINK), PH.D. 
CINDY OLIVER 



THE BIOENGINEERING PROGRAM 
DEPARTMENT CF RESEARCH AND PROGRAM SERVICES 
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National Headquarters 2501 Avenue J Arlington. Texas 76006 (817) 640 0204 

Association for Retarded atlzens of the United States 



Representatives of three educational software cospanies evaluated the 
arc's computer-based instructional systea in terns of its suiUbility, 
useabillty, and narketability, using the fora included in Appendix F of the 
Final Design Report. Their evaluation and Moaents are susnari^d below. 

All evaluators perceived the training of aemory/recall skills as the 
prinary purpose of the software and agreed that the program as written is 
appropriate for that purpose. 

All evaluators stated that t.he software's useability is enhanced by 
the fact that it is based on solid research and a *rell-devcloped theory in 
cognitive psychology, unlike 99% of all other special education software, 
and by the integration of extensive voice output and the inclusion of a 
powerful assesanent capability. 

The only factor noted as potentially detracting trom its useability 
was the amount of repetiticm. Two evaluators noted that it will be 
important to assess the motivational power of the program since a fair 
amount of repetition is incorporated into the design, and there is always a 
fine line between in&uilng learning and losing attention through 
repetition. One evaluator suggested that the repetition could be offset by 
couching it in a fantasy or game. After reviewing this suggestion with the 
Program Design Consultant, project staff concluded that the integrity of 
the basic paradigm that has evolved from the cognitive theory and 
supporting research would be compromised if such features were 
incorporated. Another evaluator predicted that adults could be considered 
to be potential users if some of the aspects aimed at the juvenile 
population were modified. For instance, the use of animated graphics as 
reinforcement could be replaced by a scorecard on which percent correct is 
displayed. Project staff and the programmers are looking at these options 
at the present time, 
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Evaluators identified public and private institutions, schools, 
families, and user groups as consuaers of the software. They saw potential 
for its use in both early learning and special education school programs. 
They characterized favorably the cossBerical isarketability of the software, 
with cooaients ranging froa "good" to "excell«>t**. The evaluators offered 
some suggestions for changes that would inprove the software's 
rorketability; these included (a) lifting responsiblity for explaining the 
operation of the hardware from the program to the teacher, (b) creating an 
MS-DOS version, and (c) incorporating an authoring systeia to allow for 
customized vocabulary. Evaluators were reluctant to project sales volume 
estimates, although one stated that "sales in the thousands per year are 
realistic". This person also suggested that if the product and marketing 
were aimed at the consumer level usage, the numbers could be increased by 
one or two orders of magnitude. 

On a scale from 1 to 6, with six being the most favorable rating, the 
evaluators gave the software an average rating of 5.3 for suitability, 5.7 
for useability, and 6 for marketability. 

Educational Software Companies that Evaluated the Software Package: 

Laureate Learning Systems 
One mil Street 
Burlington, VT 05401 

t 

Life Science Associates 
One Fenimore Road 
Bayport, New York 11705 

Jostens Learning Systems 
600 West University Drive 
Arlington Heights, XL 60004 
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APPENDIX C 
User*s Manual 
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Introduction 



Rationale 

Memory is vital to learning* In fact, ©any times what appears as 
an inability to learn may in fact be a problem in reiaewber ing* 
Memory processes are complex, involving perception, encoding, 
storage, and retrieval of information. Research has shown that 
there are actually two types of aemory: short-term aiefflory (STM) 
and long-'tera seaory (LTM)« Shorts-term laemory is limited in 
capacity and relatively brief in duration, i.e., approximately 30 
seconds. Success in dialing a telephone number that one has just 
looked up in the telephone book but the failure to recall it 30 
minutes later is an example of the use «f STM. Long-^term memory, 
on the other hand, is considered to be of unlimited capacity and 
of permanent duration. Recalling the telephone number of one's 
childhood home is an example of LTM. 

To be able to remember something, a person needs to know whether 
it should be stored in STM or LTM, and how it can be transferred 
from STM to LTM. These factors determine what type of voluntary 
rehearsal or encoding strategies an efficient learner employs to 
store the necessary information in LTM for later retrieval and 
use • 

The software developed by the ARC is not curr iculum--specif ic but 
instead focuses on some of the fundamental cognitive skills that 
underlie learning and performance across every content area. The 
software is structured around a memory task that is frequently 
used in assessment and instructional applications and that 
requires many of the same cognitive strategies for successful 
performance that underlie efficient injformuiion processing across 
a wide variety of situations (Latham, 1978)* 

The instructional package developed irjL this project is based upon 
the ordered recal 1 task. In the ordered recall task, a student 
is requested to recall in the order presented a list of items 
that s/he has seen only once. The i terns are serial ly-present ed, 
with only one item exposed at a time. The? student is asked to 
first recall the subset of the last i terns presented (the terminal 
items) and then circle back and recall the subset of the items 
that were presented first (the initial items). This aspect of 
the task is called "circular recall** (Bui ierf ield, Siladi, & 
Belmont, 1980). If a student was told to remember the string 
L,T,Z, J,R,P,F, s/he could employ a circular recall strategy by 
recalling R|P^F, and then circling back to remember L,T,Z,J. 
This would be referred to as 3/4 circular recal 1 because the 
student remembered first the last three elements and then the 
first four. In the ordered recal 1 task , each item is displayed 



for a fixed period of time (e*g., 0.5 seconds), but the student 
controls the pace of the presentation, i^e., the tiding of the 
presentation of the next item. Task difficulty and memory load 
can be varied by changing the number of items in the 
to--be--recalled list and the type of items to be recalled (e.g., 
letters, numbers, words). 

Extensive research has shown that performance on the terminal 
items reflects a student's STM abilities, and the task permits 
precis€* manipulation of variables that pertain specifically to 
STM limitations and instructional strategies* Similarly, 
performance on the initial items reflects a student's LTM 
abilities and is sensitive to a number of manipulations directly 
related to strategic cognitive activity (Belmont & Butterfield, 
1969, ig71a, 1971b; Brown & Barclay, 1976). 

One of the most revealing measures of strategic cognitive 
activity in this task is the length of time the student pauses 
after the presentation of each item in the list. Non-retarded, 
non-learning-disabled students generally exhibit high recall 
accuracy when their pauses steadily increase across the initial 
items, followed by very brief pausing over the terminal items. 
The increased pausing over the initial items reflects silent 
cumulative rehearsal of the growing list after each new item is 
presented since these are the most difficult items to remember. 

P;-ogram Overview 

Students will participate in two general types of activity in the 
program: assessment and instruct ion at different levels of 
difficulty. The program is ordered such that the student always 
receives the assessment section first* If s/he meets a passing 
criterion on the particular level of assessment, s/he 
automatically progresses to the next level of assessment. If the 
student fails to reach criterion on assessment, instruction 
commences at that level. The last instructional loop at each 
level includes a reassessment . This cycle repeats unt i 1 the 
student fails to reach a criterion after three consecutive 
instruction/reassessment sequences or s/he reaches criterion at 
the highest level of assessment* 

In the instructional mode, students recc^ive training on effective 
cognitive strategies on the recall task. In the early 
instruction trials, the computer models correct performance , 
Subsequent ly 9 assistance is systematically withdrawn until the 
student is performing the task independently. The cycle of 
assessment and ins true t ion continues until the student has 
attained his/her maximum level of performance or completed the 
highest level of instruction contained in the program. 

In the instructional portion of the program, the circular recall 
task is disassembled and each of the four components of the 
effective strategy is individually trained. The student then 
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learns how to combine the component strategies into integrated 
perforaance on the target task. The first component, known as 
"fast finish" training, teaches the student to retain the 
terminal set of items first by quickly memorizing them in a 
chunk. The second component, known as "cumulative rehearsal" 
training, shows the student how to memorize the first (and more 
difficult) set of elements by ret rogress ively rehearsing all 
previous elements in their original order as new ones are 
revealed. The third component, that of "interpolated deltiy and 
self testing", trains the student to hold those items memori2ed 
with cumulative rehearsal in memory for the amount of time 
equivalent to that needed to complete the fast finish on the 
terminal set. The final component, that of "chaining", teaches 
the student to incorporate the components into a unified 
strategy. 

This software has been designed to advance hrough a general 
hierarchy of difficulty posed by different circular recall 
requirements. The requirements addressed in this program are in 
the estimated order from easiest to most difficult: 



Program Level Circular Recall Pattern Number of Elements 



A 2/2 4 

B 3/2 5 

C 3/3 6 

D 2/4 6 

S 2/5 7 

I 

F 4/4 8 



The student begins assessment and instruction at the first level, 
that of a 2/2 circular recall requirement. There are two basic 
types of information that will be recorded on each student; 
accuracy of recall^ and pause-tiiae pattern ^ Recall accuracy 
represents the number of items recalled correctly on a trial by 
the student* Pause-ti»e patterns reflect the assouni of time a 
student waits after seeing each itei» before displaying the next 
one* Thus, pause tiaie corresponds to the amount of time spent 
committing an item tu memory. Since long strings of items take 
longer to rehearse than do short strings, this would be reflected 
in corresponding differences in pause times. Circular recall 
requires the student to cumulatively rehearse certain elements; 
if pause t imes between elements do not vary, it is an indication 
that the student is not using the strategy. To reach criterion 
•on assessment or any portion of training, the student must meet 
only an accuracy criterion, which indicates that the student is 
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able to remember I he specified number of items* Pauses-time 
Informationt which indicates that the student is employing the 
appropriate cognitive strategy, is collo4!ted but not used to 
determine whether or not the student moves on to the next leveK 
In the assessments, the student receives three trials that are 
used to compute the performance data* In the instruct ional 
portion, four strategy components are Inufiht. Performance on 
each component must re?ach criterion before the student can 
proceed to the next component • A block of three trials at the 
end of each component is used for assessing mastery. 

Features 

This system has a number of features that make it attractive from 
an educational and technological standpoint* The software was 
designed by professionals who understand young people and the 
ways in which they learn. It makes use of the computer's many 
abilities in order to make the interactions between student and 
system interesting, motivating, and educational. 

o The student can elect to respond with eit her a 1 ight pen 
or a joyst ick* 

o The program automatically begins instruction at the 
level at which the student first has difficulty. 

o The student receives playing time on an 

intergalact ic video game as a reward for hard work. 

o Multimodal output (graphics, voict?, text) provides 
important redundancy for the student. 

o The system is based on a training strategy proven 

effective in numerous laboratory research studies. 

* 

o Data is automatically gathered and analyzjed by the 
computer as the student interacts with the system. 

o Information is provided teachers and parents via 
graphs , tab les , and written interpretations of the 
results ♦ 



USEH GUIDELINES 

Using the Software for the First Time 

Begin by familiarizing yourself with the software package. The 
package that has been provided to you consists of four floppy 
disks. These are the s ystem disks , and contain the ^'workings'* of 
the package. You will need to prepare a data disk ; this disk 
will contain all of the student data. 
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Preparing Data Diska 



Your first task is to initiali^se the data disk to prepare it to 
receive student data. With the computer turned off, place Disk 
#1 of the systeffl disk set in Drive #1, and place a disk formatted 
for your particular computer in Drive #2. Turn the machine on 
and wait a short period while the program is loaded in* When 
loading is complete, you will see a menu of choices that looks 
like this: 



(Screen of Main Option Menu) 

To prepare the data disk, select the choice designated as "E*\ 
This selection is also used when you want to erase an entire disk 
of its accumulated data. You will see a message asking you to 
verify that you really intended to select this option because of 
the potential for destruction of any data files existing on the 
disk. Answor *'yes" to both queries, and the system will take 
several seconds to clear the disk of any old data and prepare it 
to receive new data. Following completion of this operation, the 
system will return a prompt that looks like this: 

A> 

Should you wish to continue beyond the initialization of the data 
disk, you will need to re-boot the system* You may do this by 
typing OVCTT or by pressing the CONTROL, ALT, and DEL keys 
simul t aneously • 

Program Options 

Having done this, you will again see the Main Option Menu. The 
options available at this point are: 

I This allows you to proceed to another menu presenting 

s tudent inf ormat ion opt ions - 

V This takes you to the portion of the program that 

permits you to view tableland graphic representations 
of student performance. 

D This allows you to d^rTete individual student files. 

B This erases an entire disk or initializes a new disk. 

T This permits a student to enter the assessment and 

training port ions of the '^>ackage. 

Q This closes all files and permits an orderly exit from 

the program. 

These options will be explained in greater detail on the following 
pages . 
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student Identification 

The software provides a sequence of assessments and training 
blocks to students, and also allows teachers and parents to 
review student progress. VERY IMPORTANT: To be able to access 
these capabilities, a student name first must be provided. The 
Student Identification Screen permits: 

1, The selection of a student already on file; 

2*. The addition of a new student name into the file; or 

3! The review of a list of all students on file. 

Typing R allows you to 
(Screen 13) review the list of 

students on file. 



Typing A allows you to 

add a new student to the file. 

The information needed for a new student includes name, 
birthdate, sex, and parameters of the students interaction with 
the system. These include the input mode (whether the student 
will use a lightpen or joystick), the desired videogame 
difficulty level, and the output mode {voice, text, or Dotn;. 
This individual information needs to be entered only once unless 
you desire to change some aspect of it later. After this m 1 1 lul 
input, this tailored information is called up automatically each 
time the student's name is selected at the beginning of the 
program. 

t 

(Screen 14) 



(Screen 15) 

After this information has been entered, you will have an 
opportunity to review it. 

(Screen 20) 
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If the Information is correct, type If any of the 

inforaation is incorrect, type The cursor will return to t!if» 

first line of information* If the last na«e is correct, press 
RBTtlHN and the cursor will aove to the next line. If the lasit 
naiae needs to be corrected, type the correct version over the 
incorrect one then press RETURN to accept the new version. 
Continue in this manner until all information presented is 
correct ♦ 



(Screen 13) 



Typinjj S allows you to select 
a student already on file. 



(Screen 30) 



Every student who has interacted with the software previously is 
contained in the file unless his specific inforaation was 
deleted. The Student Selection screen contains a window througli 
which all the names on file can be scrolled. When you type in 
the name of the student you wish to select, the software 
automatically matches it up with the most similar name on file, 
and that name appears in the scrolling window* When you 
correctly type in the student's name, the window's function is 
not necessary. If you should misspell the student's name, the 
closest match will appear in the window, and that match will most 
likely be the name you intended to type. In most programs, a 
misspelling will prevent the computer from locating the desired 
file. On the other hand, this software compensates for spelling 
errors, and can actually save time. For example, to access the 
records of ''Clayton Oliver'*, you would only need to type 0 and 
the system would automatically display a student name beginning 
with 0. Even if there is more than one 0 entry, the I and M 
keys can be used to scroll up and down the list to locate 
''Oliver''. 



VJhen the desired name appears in the window, type S to select 
that student* You will then have a chance to review the 
information entered previously about the student. Any changes to 
the parameters, such as increasing the videogame difficulty or 
changing the input mode from lightpen to joystick, can be made at 
this point. KOTS: The opt ion of changing parameters is 
beneficial in that it allows you to tailor the software to the 
abilities of each student, yet be advised that changing 
parameters may alter the task to some degree- If research 
reliability is desired, the parameters should not be altered once 
they have been set. 
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If you cannot locate the desired naae in the scrolling 

ii^indow^ it means that the student is not on file. In that case, 

you will need to type A to add the student's na®e to the file. 

Typing M allows you to return 
(Screen 13) to the Main Option Menu. 



Selecting A Progras Option 

After selecting a student, you will need to indicate whether you 
want to review the student's performance record, have the student 
participate in training/assessment, or select another student. 



Student Identification 



(Screen 12) 



Typing I will return you to the 
I dent i f ication Screen, allowing 
you to select another student or 
view the list of all students on 
file. 



Viewing Perforaance Records 
(Screen 12) 



Typing V will allow you 
to select the fors in which 
you would like to view 
student perforaance records. 



(Screen 40J 



You first get to select the form in which performance records 
will be presented. Typing G will result in records being 
presented in graph form; typing T will give you records in 
table form. Typing I will result in the presentation of an 
interpretation of student performance. These interpretations 
clarify the relationship of various aspects of the task and 
provide teachers and parents with a verbal account of student 
behavior on the task. 

If you select the 6 option, you will next he asked whether you 
would like a graph of pause tijaes or accuracy, and if you would 
like a printed copy of your selection. 



(Screen 60) 
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You will then be required to select the circular recall level 
that you desire to be graphed by using the selection window. 
This allows you to scroll through the available options using the 
I and N keys. When your desired selection appears in the 
window, type S and your selection will be registered. 
Printouts are available for performance on the last three trials 
of each assessnent, and you will be asked to specify which 
trial's data you wish to view. 



(Screen 51) 



(Screen 40) 



Selecting the T option provides you with a representation of 
student data in table fora. You will be asked to specify whether 
you wish to view a table containing data froa the level most 
recently completed (select L) or for all levels coapleted 
(select A). You will also be given the option for a printed 
copy of the table you select. 



(Screen 52) 



'ic' -acting the I option provides you with a narrative 
inlttrnretat ion of student performance for a particular level. 
.\r"\\o you will be given the option for a printed copy 
, fu,> interpretation. 



(Screen 53) 



(Screen 40) 



You may cycle through these options as many times as you wish. 
When viewing/printing of records is complete, type M to return to 
the Main Option Menu. 



Deleting Individual Student Files 

Typing D will 

(Screen 12) delete the records of the student 

whose name you selected in the 
previous step. 
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As opposed to the function described neyt that permits the enti re 
data base to be erased, this function allows the deletion of a 
single student's file. This may be the option of choice when 
extra space is needed in the data base or the student has 
coBpleted the entire instructional sequence and his data has been 
printed. 

The computer will issue a warning when this option is selected 
since deletion of a file is a permanent alteration and the 
mforiaation cannot be recovered. You will be asked to verify 
that the selection is the one you intended. 



(Warning/Verification Screen B) 
Erasing All Fi lea/Ioi t ializing New Disk 



(Screen 12) 



Typing E erases all the filos 
on the data disk. This option 
is also used to initialize a new 
data disk. 



Typing E erases all the data stored for each student on file. It 
should only be used when it is necessary to free the entire 
disk for a large amount of new data for new students, or when 
you desire to initialize a disk that had not been used with the 
program previously. Due to the severity of the consequences 
resulting from the selection of E, the computer will doublecheck 
that your selection of B was intentional by asking you to verify 
the selection. 



(Warning/Verification Screen A) 
Selecting Traini ng/Assessaent Option 

*. 

Typing T begins the 
(Screen 12) training/assessment portion 

of the program. 



You will first be asked to enter the date (month, then day, 
then last two digits of the year) then press RETURN-. Use 
zeroes to fill in if the month or day is a single digit (e.g., 
March 5, 1986 would be entered as 03/05/86). if you type in u 
nonsense response for one of the items, the software will not 
advance to the next item, but will ask you to type another 
response. 

(Date Screen) 
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Following the input of the date, the prograw will ask you to 
select the difficulty level at which the student should begin 
using the selection window. 



The software automatically marks where the student's previous 
interaction ended; to start up at this point, simply type S to 
select ""Current LeveT*. You may choose to bring a student into 
the system at any level; however, THE ONLY WAY TO OUARANTEE THAT 
ALL DATA WILL BE AVAILABLE FOR PRINTOUTS IS TO PROGRESS THROUGH 
TBS SYSTEM IN AN ORDERLY FASHION, The best way to insure this is 
to always select the '^Current Level" opt ion at this point • After 
selecting a starting point that will bring the student into the 
training portion of the software, you will see a message to 
change the disk in Drive #1. 

Quitting the System 



A Student^s First Interaction with the Software 

The student's first exposure to the software is intended to 
familiarize him/her with the input mode selected for use (light 
pen or joystick) and the laanner in which to respond to the 
various instructions given by the computer. 

(Screen 1) (Screen 3) 1. The student is shown a 



(Screen 20) 



(Screen 12) 



Typing Q a 1 lows you to 

quit the progra^and places 

you back in the MS-^DOS operating 

system. 




picture of the input mode 
s/he will use. 



(Screen 2) 



2. 



The student learns how to 
manipulate items on the 
screen using the light 
pen/ joys tick . 



(Screen 5) 



3. 



Correct responding to the 
convent i ons of the program is 
demonstrated for the s tuden t . 
Thi s ass is tan ce is 
systematically withdrawn 
until the student is 
interacting independent ly 
with the program. 
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The student is instructed to: 



a. 



b. 



c . 



(Screen 6) 



(Screen 8) 



d. 



e . 



"Litfht up" the numbers in the 
boxes by activating each box 
with the joystick/light pen. 

Always work froa left to 
right when lighting up the 
boxers. If the boxes are 
activated in the wrong order, 
they will not light up. 

Pay attention when the word 
"Rule" 'and the flashing stars 
appear on the screen because 
they signify the iapending 
announcement of a new recall 
rule. 

Recall the nurabers s/he saw 
when three short tones are 
sounded . 

Place numbers in the boxes in 
accordance with the recall 
rult?. Placement position is 
predetermined by the recall 
strategy being assessed; for 
instance, if the strategy 
calls for the student to 
recall first the item in the 
third box, the first letter 
selected would automatically 
go *into the third box. The 
student may not correct 
errors of placement, but s/he 
may use a letter aore than 
OQce. 

As mentioned above, the student's first exposure to the workings 
of the software is through the cooputer's modeling of a correct 
interaction. The cursor operates in concert with vocal and 
graphic cues (spoken directions, color changes, and flashing 
boxes) to direct student attention to the relevant aspects of the 
presentation. This assistance is gradually withdrawn: first, 
the cursor is removed, leaving the flashing boxes and vocal cues; 
second, the vocal cues are removed, leaving only the flashing 
boxes; finally, all cues are removed. This hierarchy of levels 
of assistance is employed throughout the program. 
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Asseasaent 

Once the student has been f ami 1 iar i^sed with the workings of the 
software, the projjram rooves on to the asses^aent portion. In this 
section the student gets six opportunities to employ a designated 
circular recall strategy to reaenber a list of alphabet letters. 
No assistance is provided to the student during the assessment 
portion of the program because the purpose of the assessaent is 
to determine whether the student can independently employ a 
designated circular recall strategy. 

If the student performs at or above a predetermined criterion of 
recall accuracy, s/he progresses to an assessment at the next- 
highest level of circular recall. If s/he fails to meet 
criterion, instruction in the use of that particular circular 
recall strategy is begun. After assessment at each level, the 
student receives a few minutes of playing time on an 
intergalactic video game. The student's first interaction with 
the game begins with a presentation of the rules; this 
description is nol repealed after this point. 

Assessmen t involves: 



If, while studying a letter, a student -takes too long, the 
computer will beep at him/her after 25 seconds to prompt him/her 
to illuminate the next letter. During recall of the letters, the 
computer will beep at the student if ^/he delays longer than 45 
seconds before selecting his/her next response. 

Instruction 

Instruction is begun at that level when the student fails to meet 
criterion during the assessment. Instruction breaks the circular 
recall into its component parts recalling the initial items 
and recalling the terminal items — and teaches each separately. 
Then the student is taught to coordinate these strategies. 




il luminat iun of the boxes from 
left to right by the student, 



study of the letter in each box 
for whatever amount of time the 
student decides to study and, 



replacement of th3 letters into 
the boxes according to the 
designated recal 1 strategy. 




(Screen) 



The first component of the 
instructional sequence involves 
train ing the s t uden t to pace 
quickly through the terminal 
items . 
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The second coiaponent has the 
student cumulatively rehears ing 
the growing list of initial itesis 
as each one is presented. 
Integrated into this cowponent is 
(Screen) the practice of self-checking in 

which the student mentally tests 
hifflself/herself to be certain of 
his/her accurate retrieval of the 
subset prior to exposing the next 
item in the list. 



(Screen) 



(Screen) 



The third component is the 
introduction of a delay between 
the last item seen by the student 
and the beginning of his/her 
recall attempt. This delay is to 
insure that in practice the 
initial itemt? are successfully 
recalled from LTM only, and also 
to enhance the student's 
understanding of the necessity 
for active rehearsal of the 
initial items. 

The fourth component instructs 
the student to put all of these 
cognitive strategies together and 
provides practice on the smooth 
coordination of the strategics. 



Practice on each of these four components is broken down into the 
four levels of assistance discussed earlier. If a student has 
diffi culty at a level in which little assistance is provided, the 
conputer will revert down to the siiaplest level and work back up 
the hierarchy of difficulty. A student is allowed to cycle back 
through the hierarchy three tiroes; if s/he fails to be successful 
at coBpleting a particular component (e.g., the terrainal portion 
of a 3/2 circular recall) after three cycles through the 
hierarchy, interaction with the computer is terminated. 

Additionally, the student's interaction with the system can be 
terminated at any time by pressing the CONTROI. and BREAK keys 
sifflultaneously . Then, the next time the student works with the 
program, f ssessment/instruct ion begins at the level at which the 
student was working when interaction was halted. 



Presentation of Results 



Two types of data are being recorded as the student interacts 
with the software. The first type is a record of pause times 
revealing the amount of time the student spent studying each 
letter before illuminating the next one. It is through a 
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comparison of a student^s pause tiiie pattern with one known to be 
ideal for a particular circular recall requirement that allows 
the computer to decide if the student is using the recall 
strategy correctly. The second type of data being computed is a 
recall accuracy measure (that is, the number of items the student 
is correctly sequencing during recall). 

The computer tallies the number of times the student cycles 
through each level of assistance (modeling, voice/graphic cues , 
graphic cues, no assistance) for each instructional component 
(fast finish, cumulative rehearsal, etc.). This allows the 
teacher to see what portions of the program are giving the student 
the most difficulty. This information is available in tabular 
form. 

Graphs and tables are also available to depict average pause time 
as a function of position of the item in the list (corresponding 
to the number of items in circular recall pattern) and accuracy 
as it relates to each position in the list. 



Level C 



Sue Eddes 
(3/3) 



11/21/86 




Serial Position 
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Pause Ti»e Table (1/10 Seconds) 



John Brown 10/31/86 



LEVSI. SBRIAI. POSITION OMEGA 





1 


2 


3 


4 


5 




A 


8 


14 


5 






0.977 


A 


7 


8 


4 






0.724 


A 


11 


23 


4 






0.965 



B 


5 


33 


4 


5 




0.985 


B 


5 


15 


5 


4 




0.986 


B 


4 


19 


4 


4 




0.982 


C 


5 


14 


33 


5 


5 


0.969 


C 


13 


17 


37 


5 


6 


0.95G 


C 


11 


19 


43 


4 


5 


0.973 



Finally, the computer will supply a written interpretation of 
student per f orisance • This information will summarize the 
student's performance, clarify its significance, and assist the 
teacher in relating it to tasks beyond the instructional program* 

Video Game Interlude 

Interludes of the game follow each assessment portion, including 
those following instruction* If the student meets criterion for 
an assessment, s/he will receive a longer interlude than the one 
routinely provided* The game interlude that follows the very 
first assessment will be longer to provide ample time to explain 
the rules of the game* ^ 

The setting of the game is intergalact ic space; the object is to 
make contact with stars, with points accumulated for each star 
contacted, only the blue stars are point -carrying stars; purple 
stars serve as distractors* An enemy ship is continually 
competing against the player since it moves across the screen 
capturing stars in its path* 

There are four levels of difficulty. At Level 1, the stars are 
stationary throughout the interlude * The stars stay i lluminated 
for five seconds, then disappear for five seconds. The enemy 
ship does not appear during Level 1. In Level 2, the stars are 
again stationary, but they are illuminated for only one second, 
-then disappear for two seconds* The enemy ship appears during 
Level 2. 
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In Level 3, 75% of the stars are stationary, and the regaining 
25% «ove across the screen. All stars remain illuainated for one 
secondt and disappear for two seconds. The enemy ship appears 
in Level 3. In Level 4, only half of the stars are stationary; 
the others move across the screen* Illumination times are 
identical to those in Level 3. The enemy ship appears in Level 4* 

If Levels 1-4 are selected for a student, the game will always 
play at that level until you change the selection* If Level A is 
selected, the game will begin at Level 1 and then will 
automatically increase levels as the student advances through the 
levels of the memory task* 

Rttles of the Game * The object of the game is to collect 
points by contacting stars* Stationary stars are worth one 
point; shooting stars are worth five points* When a star has 
been contacted^ it chirps and then disappears from the screen* 
Nothing reappears in its place* The enemy ship appears in Level 
2 and beyond* It crosses the screen in a straight line near the 
toPf and any stars in the path of the enemy ship are captured by 
the ship and appear as a trail behind the ship for the remainder 
of its journey across the screen* The ship itself is worth ten 
points* The player has an opportunity to release the captured 
stars and add their point values to his/her total by blasting the 
enemy ship before it leaves the screen. This can be accomplished 
by hitting the ship with a rocket fired from one of three rocket 
bsk^es located at the bottom of the screen* There are an 
unlimited number of rockets available^ although a second rocket 
can*t be fired until the first one has cleared the top of the 
screen * 

The playing time remaining (in minutes) and the points 
accumulated always appear at the bottom of the screen* The 
player gets an extension of playing time for successful 
performance. An extension of playing time provides the player 
with a new screen and play proceeds as it did at the videogame 
interlude ' s commencement . 

Light Pen Mode * The player touches stars with the light pen 
to contact them and activates the rockets by touching the rocket 
bases* 

Joystick Mode > The player di rects the cursor to a star or 
rocket base with the joystick and presses the joystick button for 
contact activation . 
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Hmin Research Queationg 



a) Does the co«puter*-based package yield data siiiilar to 
those derived froa previous laboratory and classrooa 
research on aeaory and Betaaeaory processes? 

b) Is the assessaent of process deficiencies valid? 

c) What specific aeaory probleas in the targeted populations 
are nncovered by this package? 

d) Are the instructional techniques on, effective cognitive 
processes effective? 

e) To Mhat degree are the diagnosed short-tera and long-tera 
aeaory probleas readiated by the coaputer-based package? 

f) Will students generalise the use of the trained 
strategies to instances on which they have received no training? 



Rationale 

'Educational and cognitive research has shown that aeaory 
process deficiencies are pervasive in persons with aental 
retardation or learning disabilities. Cognitive assessaent and 
reaediation procedures that have been too cuabersoae ^nd tiae 
consuaing for classrooa use have been translated by the ARC/US 
into a coaputer-based instructional package. This research 
peraits exaaination of the package's validity and instructional 
potency, as well as a coaparison of the reaediation effects aaong 
groups of students with varying degrees of learning handicaps. 
It also provides a aeans by which valuable feedback fron students 
and classrooa teachers can be obtained. 



Student Populations 

Approxiaately 60 students will participate (20 nonhandicapped 
students, 20 students with aental retardation, and 20 students 
with learning disabilities). The nonhandicapped students are 
those functioning adequately in regular education classrooas. 
learning disabled students and students with aental retardation 
have been identified as such in accordance with school district 
evaluation and placeaent procedures. Learning disabled students 
have average or above average intellectual functioning (as 
aeasured by the HISC-R) but deaoostrate significant delays in one 
or nore acadeaic areas. Students with aental retardation 
demonstrate significantly delayed functioning in acadeaic areas 
coasBcnsurate with their overall acadeaic functioning (as aeasured 
by the WISC-R) and adaptive behavior. All students will be 
between 12 and 14 years of age. 



Measureacnt Instruaents 

Four aeasureaent instruaents will be used. The first is a 
separate coaputer-based assessaent of aeaory coapetencies that 
will be used as the pre- and post-test for all research subjects. 
The second is the assessaent and reaediation package incorporated 



into the systes software. The systeai allows for the autoaatic 
recording and asalysia of data. Tha third instrunent ia a 
queationnaire for participating teachera that will be used in 
conjunction with the direct student research. The fourth 
inatruaent is a questionnaire for participating atudents. 
Copies of the questionnaires aay be found in Appendix A end 
Appendix B. 



General Procedures 

a) Six coaplete coaputer systeas with all necessary peripherals 
will be placed in the evaluation sites for the duration of the 
field tests. 

b) Two sessions will be conducted for a sanple of the teachers 
whose students have served as aubjects. The first will be a 
abort inservicc prograa intended to acquaint thea with the 
theoretical basis for the software and the way in which the 
assessnent and instruction is being presented to the students. 
They will have an opportunity to interact with the instructional 
aystes during this session. The second session will be a follow- 
up to the coapletion of data collection. In this session the 
preliainary research findings will be discussed, and teachers 
will be asked to evaluate the software's appropriateness in 
relation to the particular type of student with whoa they are 
involved. 

c) Students will coaplete a questionnaire regarding their 
previous experience with coaputers and their opinions regarding 
the Bost effective and enjoyable uses of computers in the 
schools. Following coapletion of participation in the study, a 
brief interview will be conducted with each student in which they 
will be asked to coaaent on th'e software's ability to teach a new 
skill, hold student attention, and activate iaproved perforaance. 

d) A pre-and post-assessaent of aenory processes in all 
participants will take place at the beginning and end of the 
study. This assessaent will be coaputer-based, so all 
participants will undergo a brief fanil iarization with the 
coaputer before assessaent begins. Each assessaent should take 
approxiaately one hour. 

e) Participants receiving the intervention will interact daily 
with the computer until they have conpleted the instruction or 
attained their aaxiaua level of performance. The daily sessions 
will last for approxiaately 30 ainutes unless the student chooses 
to terainate the session early. Students will interact 
independently with the coaputer, and a trained research assistant 
will be available for assistance should it be needed. 

f) Data on the educational and psychonetric aeasures pertaining 
to the students' diagnostic classifications were obtained 

fron school records. 
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g) Parental consent 
parents of potential 
in Appendix C. 



letters detailing the study were sent to all 
subjects. A copy of this letter say be found 



Research Desiitn 

Procedure; Pre- and Post-Test . All subjects will receive 
training to faailiarize thea with the coaputer, after which a 
conputer-based pre-test will be adainistered. The subjects will 
receive 6 trials for each of 9 different circular recall 
requireaents (i.e., the order in which recall is to occur) in 
which they will be shown iteas in a list and be asked to recall 
the list. The last three of these trials will be used in the 
data coapilation. During this pre-test, no subjects will receive 
aeaory-strategy training. This procedure will be the sar.e for 
the post-test that follows the training sessions. 

Intervention . Half of the subjects in each subject 
classification will receive the coaputer-assisted instruction in 
the use of effective aeaory strategies. The other half will 
receive no intervention between pre-and post-tests. A total of 5 
circular recall requireaents will be addressed in training. 

Bxperiaental Pesiifn and Data Analysis . There will be 
several factors, or independent variables, addressed in the 
experinental design and data analysisi subject classification 
(learning disabilities, aental retardation, non-handicapped), 
instructional level (intervention, control), test (pre, post), 
serial position in a list, and circular recall requireaent. The 
dependent aeasures are a aeasure of menory strategy use (as 
relected by the oaega statistic) and an accuracy aeasure (as 
reflected by percent correct recall). 

Three types of group an&lyses will be conducted; The first 
is to deteraine the relationship between the aeasures of aenory 
processes and recall accuracy. Theoretically, if a subject 
revises his processing to aatch that taught in the instructional 
package, his recall accuracy should ioprove. This correlation 
will be coaputed for every circular recall requireaent. 

The second type is an aggregate analysis of variance of the 
pre- and post-test aeasures of recall accuracy and aeaory 
processing as a function of subject classification and 
instructional level. Again, these will be computed for every 
circular recall requireaent. 

It aay happen that a subject's recall accuracy would be 
satisfactory without his/her use of the aeaory strategies that 
were instructed. To determine this, a third type of analysis 
that looks at serial position in relation to recall accuracy and 
aeaory processing would be necessary. This will entail a four- 
way analysis of variance for subject classification, pre-/p08t- 
test, instructional level, and serial position (the specific 
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number of serial positions is dependent on circular recall 
requireoent) . This analysis of variance will be computed for 
every circular recall requirement. 

Depending on the nature of the ^eccusulated datSi it may be 
appropriate to do soiae analyses of individual subject^s data in 
terms of the relationship between specific circular recall 
requireaents and senory strategy use and/or recall accuracy data. 

Since instruction will be conducted on only half of the 
circular recall requirements assessed in the pre- and post-testSt 
performance on the remaining circular recall requirements will 
serve as an index of generalization of strategy use to different 
but similar tasks. It would be premature at this Juncture to 
assess generalization to dissimilar ones. If generalization is 
evident, future research efforts should explore the extent to 
which it occurs and the conditions that optimize its occurrence. 



Personnel 

The research will be c< jducted by the Assistant Project 
Director and three research assistants in conjunction with the 
subjects' special education teachers. They will conduct daily 
sessions in classrooms of various schools in the Dallas 
Independent School District. The teachers at the various sites 
will be invited to return comments on the forms provided* 



Project Summary 

The following represents a summary of the project as it was 
communicated to representatives of the Dallas Independent School 
District; on the basis of this summary and a research proposal, 
permission was granted by the district for the research to be 
conducted in classrooms of the district's middle schools: 

The most common informal observation about children and 
youth with learning disabilities and mental retardation is that 
they do not '^learn** as quickly or thoroughly as their non- 
handicapped peers. Over the past 15 years of research* these 
observ^t ions have been well substantiated. However, a large 
volume of investigations indicates that these learning problems 
are primarily caused not by deficiencies in learning ability per 
se, but by deficiencies in the person's memory which underlies 
learning (Belmont & Butterfield, 1969; Dctterman, 1979; Ellis, 
1970). Guided by a well-supported theory of memory processes, 
several researchers have succeeded in their attempts to improve 
the memory processes of persons with learning difficulties. 

This project incorporates one of the best and most 
frequently used memory-assessment tasks along with training on 
the most effective* memory strategy for that task into a computer- 
based instruct io .^1 system for assessing and assisting in 
remediating basic ^ernory-process deficiencies. The computer- 
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based systen increases the potential for learning since it 
incorporates sany of the features found to enhance retention by 
leading cognitive psychologists and special educators. 



Significance of the Problem 

Initially, the poor neaory of persons with learning problems 
was attributed to insutable defects in their neurological system 
(Ellis, 1963). As research techniques and theories become more 
refined, however, the precision in the understanding of memory 
deficiencies steadily increased. The most important influence in 
this movement was the development of sophisticated theories of 
memory based on computer information-processing models of mental 
fuictioning in non-handicapped persons (Atkinson & Shiffrin, 
1968; Waugh & Norman, 1965). When translated from the field of 
theoretical cognitive psychology to the field of mental 
retardation (Ellis, 1970), the theories prescribed a whole new 
way of conceptualizing the mental activity of persons with mental 
retardation and pointed the way to a number of possible causes 
for their memory deficiencies. 

In the new conceptualization, memory is held to be comprised 
of two components, short-term memory (STM) and long-term memory 
(LTM). Short-term aiemory is limited in capacity and relatively 
br^ef in duration, i.e., approximately 30 seconds. Success in 
diaxing a telephone number that a person has just looked up in a 
telephone book, but failure to recall it 30 minutes later is an 
example of the use of STM. Long-term memory, on ?:he other hand, 
is considered to be of unlimited capacity and of permanent 
duration (Waugh & Norman, 1985). Recalling the name of a 
favorite dog from childhood is an example of LTM. 

The important tast of transferring needed information from 
STM to LTM is primarily a function of active mental processing of 
that information. There are a number of voluntary rehearsal or 
encoding strategies that an efficient learner can employ to store 
the necessary information in LTM for later retrieval and use 
(Atkinson & Shiffrin, 1968, 1971). The more a person uses a 
cognitive strategy, the less mental effort it requires and the 
more automatic it becomes (Shiffrin & Schneider, 1977; Sternberg 
& Wagner, 1982) . 

With the consensus thai memory process deficiencies 
represented a critical problem for persons with learning 
difficulties, interest became very intense in determining the 
degree to which they could be remediated. Extensive research 
attention turned towards developing an array of effective 
instructional techniques to impart to deficient information 
processors the rehearsal and metacognitive strategies of 
efficient information processors. The basic assumption 
underlying this research, and the work of this project, was that 
if basic process deficiencies exist and remain uncorrected, they 
compound higher-level areas of functioning and frustrate 
instructional efforts. As a result of this new research, 
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increasingly sophisticated techniques to identify the specific 
process deficiencies and then to resediate these deficiencies 
have been emerging (Belmont & Butterfield, 1977; Bray, 1979; 
Brown, 1978; Caapione & Brown, 1977; Glidden, 1979; Hagen & 
Stanovich, 1977; Kraser & Engle, 1981). However, these 
techniques are very labor-intensive and have not oade their way 
into classiTooo applications to any large degree. 

The conclusions that are drawn from the information 
presented above are that: (a) significant and pervasive problem 
memory exists in the lives of persons with learning disabilities 
or mental retardat iona, (b) these problems are the result of 
deficiencies in basic memory and metacogni tive processes, (c) 
assessment techniques are available to identify the specific 
process deficiencies, and (d) instructional techiques are 
available to begin to remediate those deficiencies. 



The Coroputer-Based Instructional System 

The system developed by the ARC is not curriculum-specific 
but instead focuses on some of the fundamental cognitive skills 
which underlie learning and performance across every content 
area. The software is structured around a memory task which is 
frequently used in assessment and instructional applications and 
which requires many of the same cognitive strategies for 
successful performance that underlie efficient information 
processing across a wide variety of situations (Latham, 1978). 

The instructional system being developed in this project is 
based upon the ordered recall task. In the ordered recall task, 
a student is requested to recall in the order presented a list of 
items that s/he has seen only once. The items are serially- 
presented, with only one item exposed at one time. The student 
is asked to first recall the subset of the last items presented 
(the terminal items) and then circle back and recall the subset 
of the items which were presented first (the initial items). 
This aspect of the task is called "circular recall** ( But ter field , 
Siladi, & Belmont, 1980). In the ordered recall task, each item 
is displayed for a fixed period of time (e.g., 0.5 seconds), but 
the student controls the pace of the presentation, i.e., the 
timing of the presentation of the next item. Task difficulty and 
memory load requirements can be varied by changing the number of 
items in the to-be-recalled list and the type of items to be 
recalled (e.g., letters, numbers, words). 

Extensive research has shown that performance on the 
terminal items reflects a student's STM abilities, and the task 
permits precise manipulation of variables which pertain 
spec; t . ;:al ly to STM limitations and instructional strategies. 
Similarly, performance on the initial i'tems reflects a student's 
LTM abilities and is sensitive to a number of manipulations 
directly related to strategic cogniti'-*; activity (Belmont & 
Butterfield, 1969, 1971a, 1971b; Bro^n & Barclay, 1976). 
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One of the aost revealintf measures of strategic cognitive 
activity in this task is the length of tiae the student pauses 
after the presentation of each iten in the list. Non~retarded, 
non-learning-disabled stiidents generally exhibit high recall 
accuracy tfhen their pauses steadily increase across the initial 
itens, followed by very brief pausing over the terainal itens. 

The coBputer-based instructional systes under developsent 
coabines proven training techniques with the unique capabilities 
of the aicrocoBputer. This conputer-based system breaks the 
circular recall menory strategy into its component parts, trains 
each separately, and then chains the coaponents together for 
smooth operation. The students will work with a nuober of 
different list lengths and circular recall requirements; these 
variations on the same general task should increase the students' 
understanding of the basic strategy because the students are able 
to witness and participate in its application in a number of 
situations. The system also provides the student with additional 
practice in those areas in which a/he is experiencing difficulty. 
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Memory-Process Questionnaire for Teachers; Part One 

The Association for Retarded Citizens of the United States appreciates 
your involvement in the field-testing of this software package on 
cognitive meisory processes. Our goal is to develop an effective 
sssessnent and training tool that vrill be of assistance to teachers. 
Your coffifflents are vital in helping us attain this goal; our 
refinements to this package will be guided by your feedback. Thank 
you for your assistance. 



Inservlce Program 

Was a presentation of this type of inservice program useful? Please 
comment in the space below on how beneficial it was to your 
understanding and use of the software package. 



Please rate the following aspects of the inservice program on how 
beneficial they were to your understanding and use of the software 
package* 



Not Somewhat Very 

Beneficial Beneficial Beneficial Beneficial 



Background Information ^ f_ 

Demonstration 

HandS'-On Experience 
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Mefflorv-Process Questionnaire for Teachers: Part Two 

Now that your atudents have interacted with the software, we would 
like you to consider a few more questions. Thank you for your 
assistance in the field-testing of this software package. 

Please complete the following: 

My students have mental retardation, 

learning disabilities, 

no diagnosed learning problems, 

and range in age from to , 

Software Package 

Does this software package address important skills/needs? 



Does it address skills relevant to your classroom activities? 



Is the software design sufficiently interesting to hold students 
attention? 



Describe the nature of the students for whom you feel tfiis software 
would be most appropriate. 
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Please rate the folloving aspects of the software on the rating scale 
provided. 



Inadequate 
• 1 



Familiarization 
exercises 

Progression of 
task difficulty 



Pace of 

interaction 

Graphics quality 



Voice quality 

Motivational quality 
of video game 

Ease of record 
keeping 

Use of Voice for 
Instruction/ 
Prompting 

Usefulness of Data 
Presentation 



Excellent 
5 6 



Does this software package provide you with useful information? 
Please comment. 
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Does the information provided add to your knowledge about your 
students' memory skills? Please comment. 



Was the level of instruction appropriate for your students? Please 
comment « 



Would you purchase and/or recommend the purchase of software such as 
this for use with special-needs students in your school? 
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Please describe any suggested changes or reconmiendations to increase 
the utility of this software package? 



Please feel free to provide any additional comments < 



3 SI 



ERIC 



r 



Appendix B 



3S2 



Naae 



Date 



1. Do you have a computer at hoae? 
If "yes**, which brand? 



2. Have you used any computers that your school owns? 



3, If **yes**, on how many days have you used then (approximately) 
this school year? 



4. Would you like to use the computers more often at school? 



5. In what ways, if any, can a computer help you learn? 



6. In what ways, if any, can a teacher help you learn something 
better than a computer can? 
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Navanber 17, 1986 



Dear Parent/GuarxUan: 

Your diild is eligible for participation in a research project, involving 
the field testing of new educational ccnputer software. This sof tv^e 
iras developed through the cooperative efforts of special educators, 
cognitive psychologists and carfxiter experts, and is intended to assess 
specific iraiwry difficiilties and assist in their reniediation. 

The software is designed to test the child on a nisnber of related 
msnory tasks, determine the child's level of functioning, and teach 
strategies that (s)he can lase to be more successful. Hie children's 
perfomiance on related tasks will be evaluated before ai^ after their 
experiencse with this software to see if they are usii^ the strategies 
they learned fran tl^ cxirputer in other activities. 

There is virtually t)o discanfort or risk involved with this research. 
Since training that involves repetition can get boring, this software 
incliKies lots of thirds that will make leamiixr fun, such as lots of 
colorful pictures and action on tl^ screen. Ihe corputer will be able 
to talk to your child, and will also build in brief periods of video 
game playing, "niis sbzaild not only prevent the potential problan 
with boredom, but shmld actually motivate the children to perform 
better. 

Eligible children will be divided into two groups. The "control" 
group will not receive the computer-based instruction, but will be 
involved in pre- and post-testing. The other grcwp of duldren who 
participate can reasonably be expected to benefit frcm the program 
in several vays. First, they should experience success on those 
memory tasks trained directly, and they may also be able to use the 
strategies taught to them in other situations. In additiOT, their 
interactions with the cxn^ter and the training assistant stould be 
satisfying and enjoyable. 

This research is being conducted by the Association for Retarded 
Citizens of the United States (ARC/US) for the U.S. Department of 
Education. It is beix^ conducted with the approval ai^l <X)operation 
of the Dallas Indeperdent School District (DISD) and with the 
sancticai of the Departn^t of Research, Evaluation and Audit and 
the Department of Special Education. We encourage your interest 
and participation, ar^ will be glad to ans;*^ any questions you 
might have. Questions may be directed to Beth Mineo of ARCA^S at 
(817) 640-0204, or to Don Haykins of DISD at (214) 490-8701. 



Dallas indcpendenf 
School Disfficl 

Linus Wnghf 

General Suponnfenclent 

3700 Ross Avenue 
Dallas, Texas 75204 



Page 2 



We are asking several non-handicapped students from Frod F. Florence 
School to participate in a "oomiunity/school service" capacity. 
Twenty stvaients will be selected fran those vihose parent/guardian 
agree. Participation will require 30 ndnutes before school, starting 
at either 7:30 or 8s00, for 10 to 15 school days. If you agree to 
allow your child to pMsibly take part in this project, please sign 
the attacJ^ Parental Consent Form ard have your child return it to 
his/her first period teacher iinnRiiatQly. If your rfiild is selected 
for participation, you will be r^atified regarding the tiroe your 
child needs to be at school ar^ the duration of his or her participation. 

Participation in this research is voluntary, and if you choose not to 
have your child participate there will be ikd penalty or loss of 
privileges for your child. You may also discontinue your child's 
participation at any tine. 

Results of this project will be shared with other parents and teachers 
through presentations and publications in appropriate journals; however, 
TO written or oral accounts of this research will mention your child or 
any other child by nan^. 

Project staff members will be most happy to i^iare the research results 
with you. Vfe thank you in advance for your consideration of this 
matter, and we look forward to iiK:luding i^ur child in this project. 

Sincerely, 




George Reid * 
Assistant Si^rintendent 
Secondary Instruction 




Arturo Luis Gutierrez 
Assistant Siperintendent 
Instructional Support 



Biclosure 



Dear Paximt/Guardian: 



Ycxir child is eligible for participation in a re^arch project involving 
the field testing of new educaticHial cat^ter software. Itus software was 
developed through the coc^rative efforts of special educators, cognitive 
psydxjlogists and ocxif^ter experts, and is inte«3ed to assess specific 
memory difficulties ai^ assist in their remediation. 

The software is designed to test the child on a nuntier of related memory 
tasks, determine the child's level of functioning, and teach strategies 
that {s)he can use to be more successful, Ihe dhildren's performcince on 
related tasks will be evaluated before ai^ after tl»ir experience with this 
software to see if they are using the strategies they learned fran the 
corputer in other activities. 

There is virtually no discomfort or risk involved with this research. 
Since training that invol\res repetition can get boring, this software 
includes lots of things that will make learning fun, such as lots of 
colorful pictures and action on the screen. T!te ccn^niter will be able to 
talk to your child, and will also build in brief periods of video game 
playing. This should not only prevent the potential problem with boredcm^ 
but should actually motivate the children to perform better. 

Eligible children will be divided into two groups. The "control" group 
will not receive the conpater-based instruction, but will be involved in 
pre- and post-testir^. The other group of diildren vho participate can 
reasonably be expected to benefit from the program in several ways. First, 
they should experience success on those roemoiy tasks trained directly, and 
they may also be able to use the strategies taught to thean in other 
situations. In addition;, their * interactions with the ocnputer and the 
training assistant should be satisfyir^ atd enjoyable. 

This research is being conducted by the Association for Retarded Citizens 
of the United States (AIC/US) for the U. S. Department of Education. It is 
being conducted with the approval and coqperation of the Dallas Ii^ependent 
School District (DISD) aix! with the sanction of the Department of Research, 
Evaluation and Audit and the Department of ^jecial Education. We encourage 
your interest and participation, cind will be glad to answer any questions 
you might have. (Xiestions may be directed to Beth Mineo of ARC /US at (817) 
640-0204, or to Don Hawkins of DISD at (214) 526-0991. 

If you agree to allow your ciiild to take^ part in this project, please sign 
the attached Parental Consent form and have your child return it to his/her 
honieroom teacher by January 24, 1986. 
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Participation in this research is voluntary, and if you choose not to have 
your child participate there will be no penalty or loss of privileges for 
yi.ar child. Ycm way also discontinue your ciiild's participation at any 
tine. 

Results of this project will be shared with other parents and teachers 
through presentations and publications in appropriate journals; ho^i^ver, r^o 
written or oral acxxjunts of this research will mention your child or any 
other child by name. 

Project staff raeiribers will be most happy to share the research results with 
yai. We thank you in advance for your consideration of this natter, and we 
look forward to including your child in this project. 

Sincerely, 




Ruth Turner, Ed.D. 
Administrator, Special Education 



i^roved: 




Assistant Superintendent 
Secoraiary Instruction 




Instructional Support 



Enclosure 



PARENTAL COMS£in' FORM 



Vtf cMld, • , has ny permission to 

participate in ths exxrputer-based instructional project to be conducted by 
ARCAJS and DISD during the seco«i semester of the 1985-86 sdiool year. 



Parent or Guardian Signature Date 



pXease have your child to return this signed form to his or her homerocm 
teacher by January 24, 1986- Thank you. 
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Overview 



The Bioengineering staff of the ARC of the United States 
have developed a cofflputer--based instructional package that can be 
used to assess and assist in remediating probleiBs in roemory and 
metacogni t ion in children and youth with mental retardation and 
other developmental disabilities. This innovative package, using 
a memory task used previously only in laboratory applications, 
focuses on fundamental cognitive skills that are crucial to 
learning and performance. 

Appl ications 

Although the user population for the cognitive software is 
extensive, primary usage is anticipated in school systems, 
specifically special education classrooms. The software will 
enable a teacher in a special education classroom to assess 
whether a student has significant memory process deficiencies, 
identify the nature of the deficiencies, and provide the studc?nt 
with individualized instruction that will help him/her improve 
memory skills. 

Ultimately, the software will provide teacher and, possibly, 
parents, a means by which they can begin to remediate serious and 
pervasive learning problems encountered so often in children and 
youth with mental retardation and learning disabilities. 

A sample of potential publishers also see applications for 
the package as a research tool in university settings that are 
involved in cognitive research. 

Finally, the software is designed for use on either Apple 
lie or IBM-^compat ible, MS-DOS computers. Since these are the 
most widely used types of computers in, ^public school systems, 
this can be considered an additional benefit and selling point. 

The Target Population 

The software was field tested with middle school-aged 
students who were nonhandi capped, those with learning 
disabilities, and those with mentaJ retardation because project 
staff and consultants believed it to have applicability to the 
majority of students in the schools. Field-test results support 
this contention; gains were made by all subject groups that 
received training* Project staff and a sample of potential 
publishers agree that modifications to the original package that 
tailor it for specifically use by particular subgroups of 
consumers would greatly increase the size of the potential user 
population as well as increase the pedagogical power of the 
instructional package . 
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Channels of Distribution 



Having completed the developaent, field testing, and 
refinement stages, the instructional package of software and 
documentation is ready to fulfill its primary purpose, which is 
assisting teachers in the assessment and remediation of memory 
deficiencies. Vital to the attainment of this end is the 
identification of appropriate channels of distribution for the 
product . 

The raost preferred distributor would be a software publisher 
with an established reputation and a wide distribution network in 
the education market. Since there are literally hundreds of 
software companies, the pool of relevant potential marketers 
would be comprised of those offering a product line consistent 
with the offering of the ARC project. Three types of product 
lines potentia lly offer this compatibility: those with regular 
educational software, those with software designed for special 
needs populations, and those with software designed specifically 
around cognitive tasks. These three product lines are not 
mutually exclusive; in fact, froni our compilation of information 
on software publishers, there are a few companies promoting 
software appropriate to all three categories. Several companies 
were contacted regarding their interest in marketing the 
software. The results of these activities is discussed later in 
this report. 

The responsibility of the ARC in the distribution process is 
six-fold. The first respons ib 1 i ty is the technical specification 
of the capabilities of the instructional package. The second is 
the identification of the target population. The third is to 
establish and document the need for software of this type among 
the target population- The fourth responsiblity is to highlight 
the unique features of the system. The fifth ie to identify, 
based on the target population and needs assesments, marketing 
strategies that a software publisher could employ to increase 
networks of information dissemination. The final responsibility 
entails dissemination of information regarding the package's 
capabilities and its availability from the eventual marketer. 

Through the field testing process, the ARC obtained the 
information necessary to meet the first of these outlined 
responsiblities. The tests involved 60 students: 20 had mental 
retardation, 20 were learning disabled, and 20 were 
nonhundicapped. The instructional package was evaluated in terras 
of its validity (that is, the consistency of its results with 
those of the laboratory tasks upon which it is based and its 
ability to differentiate among subject groups) and its 
instructional value (that is, its ability to assist in the 
remediation process). The research indicated that the subject 
groups did bring different abilities to the task and the software 
detected these differences, and it also demonstrated that the 
■software was effective in improving performance on the targeted 
memory task across all subject groups. 
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The research also permitted a determination to be made 
regarding the breadth of effective application of the package 
across the populations in need. Although the appropriateness of 
this software for the population of nonhandicapped students wus 
not the primary focus of the development project, nonhandicapped 
students were included in the subject population to provide a 
base of comparison for the handicapped subjects. Field test 
results indicate that the software was very effective in 
improving the skills of the nonhandicapped subjects. Further, 
these students found the software to be motivating and enjoyable. 
Thus, the original projections of market size have been greatly 
increased. 

Project staff initially conducted an extensive review of the 
cognitive psychology and special education literatures to 
identify the characteristics and nature of the populations to 
benefit from the aid. It was estimated that 55^ of the students 
enrolled in special education classrooms in this country could 
benefit from this instructional package. This figure represents 
a market of close to two and one-half million students. Add to 
this the several million students in regular education 
classrooms, and the potential market increases tremendously. In 
addition, further modifications to the software package would 
make it potentially useful for other purposes and with other 
populat ions . 

The arc's extensive literature review also assisted in 
confirming the need for this type of software. One of the 
conclusions that can be drawn from this review is that the memory 
task around which the packagt is constructed is a valid and 
"pure" moans by which to assess and train fundamental memory 
skills. Another conclusion is that the computer is a near- 
perfect vehicle for this package because of its ability for 
logical analysis and its capacity to deal with large amounts of 
information in an interesting, effective, and efficient manner. 
This package accomplishes the marriage of a sophisticated 
theoretical framework and empirical knowledge base to a 
practical, educationally-sound assessment and training package. 
The educational software marketplace currently fails to offer 
products reflecting large-scale efforts of this nature even 
though the desirability of such a package has been acknowledged 
by researchers, service delivery personnel, and software 
publishers . 

The ARC has the responsibility for highlighting the 
capabilities and positive attributes of the package to potentiul 
marketers and eventually to consumers. Detailed description of 
these features would be lengthy; only the major points will 
therefore be suromarized here as follows. First, the package 
offers both assessment and reineda.al components, and remediation 
is based logically on the assessment results. Second, this 
assesment permits the remediation components to be individually 



tailored to each student's needs. Third, the package uses the 
unique features of the computer to their fullest extent in 
assisting the student to understand and perforo the required 
tasks. Fourth, the package employs innovations such as digilized 
speech output and light pen input to enhance its educational 
validity and appeal. Finally, the child's perfornanco is 
analyzed and interpreted by the computer, which allows the 
teacher to obtain practical information for classroom purposes. 
This analysis and interpretation was designed with assistance 
from the leading cognitive psychologists in the country. The 
student's performance data are also permanently recorded for 
later review by the teacher. 

In meeting the fifth responsibility, the ARC will suggest 
marketing strategies for use by a publisher based upon the 
factors addressed above. We will assist the publisher in 
highlighting this program's appeal and value to parents, 
teachers, and school districts. The ARC's final responsib I i ty to 
the distributor will be met through the ARC's ability to 
disseminate information across a nationwide network. Through our 
network of 1300 state and local chapters, our core of over 
160,000 members, our national publications including our national 
newspaper which is distributed six times a year to every member, 
our computerized technology data base, our national electronic 
mail and bulletin board system, and our B ioengineering Program, 
we are in unique position to raise the awareness of school 
personnel on the availability of effective educational software 
in the marketplace. 

Market Demottraph ics 

The market for the software is not limited to school 
systems, but since this is the most likely consumer of this 
product, it would be pertinent to look at some statistics that 
will give an indiction of the potential size of the market: 

o In 1983, the special education field spent $10 billion on 
materials used by or on behalf of students. 

o Again, as of 1983, 330,000 microcomputers were in this 
country's schools. 



In the 1984-85 school year, approximately 15 millio] 
students and 500,000 teachers used computers in the 



By the end of 1986, there was an estimated 1,025,000 
microcomputers in public s<?hools. Approximately one 
quarter of these, or 225,000, were used in special 
education, benefitting 4.3 million special education 
s tudents . 
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o special education accounts for 11% of the purchases in 
the educat ional comput ing marketplace • 

o Market analysts* projections of the aiaount to be spent on 
educational software in the 1987-88 school year range 
from $250 million to $500 loillion. 

These data indicate that there is clearly a significant 
market for this instructional package both now and in the future. 
Indeedf since this package appears to have application to both 
regular and special education programs, the potential market is 
enormous* The statistics cited above also indicate that 
substantial dollars are available to purchase equipment and other 
supplies that will enhance the learning of children and youth in 
classrooms across the country. Couple those factors with the 
viability of the cognitive software package and it would appear 
that the elements are in place to make it a successful product: 
a legitimate attractive product, an educational void to be 
filled, recognition of the computer as a viable educational aid, 
and the availability of monies for purchase. 

Vest, C.R. (1983). Marketing and procurement of technology 
assisted learning systems. Micro Market Examiner , i(3), 1. 

Blaschke, C.L. (1982)- Microcomputers in special education 
trends and projections. Journal of Special Educa t ion 

Carol Daniels, LINC Resources (personal comraunicat ion based on 
Quality Education Data survey, LINC survey of states, and 
Johns Hopkins survey). 



4* Electronic learning: The guide to the educational 
marketplace (1984). Scholastic Inc. 

Some initial marketing strategies: 



1. In practical terms, highlight the effects that 

deficient, underlying cognitive strategies can have on 
educat ional activities, activities of daily living, and 
vocational activities. 



2. Publicize availability of software through trade 
journals, news lot lers , and teacher and educat ion 
magazines . 

3, Promote product at conventions of education, special 
education, rehabilitation, and compu ter teciinology 
professionals. 
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4* Organize demonstration seminars for educators. 



5, Identify several schools in which to set up package on a 
trial basis at no charge to the school in an effort to 
elicit word-of -mouth publicity and testimonials. 

Feedback From Comiaercial Publishers on Software Design 

In compliance with SEP's request for feedback on the 
marketability, useabiliiy, and suitability of the product, the 
ARC identified several coiaiiercial software cosipanies having 
product lines compatible with the software under development in 
this project. The company presidents and/or product developers 
were contacted and their par t icipat ion was reques ted • Several 
companies denied our request, citing most frequently the non- 
remunerative or time-consuming aspects of the task. Non- 
disclosure agreements were obtained f rosi three marketers who 
agreed to participate. 

These companies were sent an information packet including a 
statement of the problem addressed in the project, production and 
marketing plans, and the Program Narrative with accompanying 
documentation* The company representatives were guided in their 
review by the survey form created by the ARC project staff. The 
form was intended to direct the reviewers* comments to the 
specific aspects of suitability, useability, and marketability. 

The evaluations we received were overwhelmingly positive. 
On a scale from 1 to 6 with 6 being the most favorable score, 
the software package received an average score of 5*33 in regard 
to its suitability, an average score of 5.67 in regard to its 
useability, and a unanimous rating of 6 in regard to its 
marketability. 

Several suggestions were made regarding the eventual 
marketing of the package. One reviewer commented that while our 
development work was being done for the Apple and Commodore 
computers, we might want to eventually consider adapting a 
version for MS-DOS machines. In the time that has passed 
between our survey and the present, we received approval to 
modify our workplan to replace the Commodore version with an MS 
DOS version in response to the current trend in the educational 
marketplace. One reviewer commented that we might suggest to the 
eventual marketer that a lightpen be included with the 
instructional package to enhance convenience and discourage 
piracy. Reviewers also suggested that the market for this 
software coulu be increased greatly if field tests demonstrated 
it to be effective in improving the cognitive skills of the non- 
handicapped student population. The prevailing opinion appeared 
to be that the instructional package was a good one, and that 
effective marketing was the key to its viability as a commerical 
product . 



Project staff worked in conjunction with the staff at LINC 
Resources to locate potential narketera for this product. LINC 
has in place a pt ocedure by which software developers can locate 
appropriate potential publishers for their products. LINC 
provided assistance in the identification of appropriate 
publishers, in th« preparation of informational docunents to be 
sent to the publishers, and in the conduct of negotiations 
between the developer and marketer. 

In the last aonths of the project, approximately 20 software 
companies were contacted regarding their interest in marketing 
the software package. Interested parties were asked to 
demonstrate their willingness to collaborate by submitting to AHC 
project staff a stateaent of the coiapany's capabilities in regard 
to advertising and production as well as its distribution 
channels. Project staff reviewed responses to this request and 
selected five companies with which to conduct ^ore detailed 
discussions. The three cowpanies with the most appropriate 
capabilities, product lines, and denonst rated interest were 
invited to a software deaons trat ion and marketing discussion held 
at the ARC National Headquarters. 

Project staff met with representative of Laureate Learning 
Systems and American Guidance Services. Laureate offers a 
product line geared toward reaediating communicative and learning 
diffi cullies* The lar^C! AGS market is primarily oriented toward 
regular education. Representatives of both publishers saw a 
comprehensive demonstration of the software's capabilities, 
discussed field test results, and presented strategies for 
further refinements to the software. 

Both publishers agreed that this software package has wide 
applicability that can be enhanced further by the addition of 
Bome features and the definition of specialized markets. For 
instancef one publisher suggested enlarging the selection of 
available stimuli to include pictures, which would render the 
software appropriate for younger children. Manipulation of the 
ffiinijaun and laaxiiauia jaemory requirements would also increase the 
potential user population. Making all of these options 
selectable would allow teachers to customize the presentation to 
meet the needs of individual students to an even tjreater extent 
than the software presently allows* 

Laureate is primar i ly i ntt?res t od in tho s^eci al educat ion 
market, while AGS would focus on the regular education market* 
This circumstance permits negotiation with both paxties since 
their markets are for the most part exclusive of one another, and 
our research indicate? the wisdom in defining separate versions 
of the software for each market. AGS is also interested in 
developing some workbook-bailed activities as an adjunct to 
computer instruction . 
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Project staff recognise another aarket for this software 
development. A package that would permit select ab i 1 i ty for 
features such as list length, viewing time, criterion levels, and 
stimulus items would be a valuable tool for scientists conducting 
research on cognitive processing. This type of research is 
currently ongoing but is hampered by cumbersome presentation 
techniques and tedious data collection procedures. The software, 
as it is currently configured, automically presents stimulus 
trials, records responses, and analyses data. Only minor 
modifications would be necessary to make this a very useful 
research tool. Project staff have identified a publisher 
targeting this narrow market, and the company is enthusiastic 
about adding this product to its existing offerings. 

The companies, owing to differences in size and policy, are 
obligated to pursue collaborations with the ARC via different 
routes. For instance, AGS needs to discuss the opportunity at an 
annual review meeting. In contrast, Laureate immediately stated 
an intense interest and after negotiation with the ARC submitted 
a proposal to the Siaall Business Innovation Research Grant 
program to support the necessary refinement work. The ARC has 
secured permission from the Department of Education to hold the 
copyright on the software, which helps to insure that the 
integrity of the software will be maintained on the road toward 
commercial publi cation. 

The ARC will maintain its commitment to bring this product 
to msi^ket by guiding commercial publishers in their attempts to 
refine the package for use by their particular market population. 
Project staff have identified pedagogical a^d cosmetic changes 
that would improve the package, and these will be shared with the 
eventual publishers. It is not unreasonable to believe that this 
software might eventually be commercially available in three 
different forms targeted ts^ meet the needs of a variety of 
populations. The ARC will continue to work with LINC and 
potential publishers to make this possibility a reality. When 
this occurs, it will indicate that the marketplace is accepting a 
revolutionary new type of software and that a strong theoretical 
base is a viable posiion from which to initiate a software 
developmen c project . 
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Field Test Report 



This report documents the field testing of the software 
developed by the ARC under Contract No. 300 84-0156, The 
educational and cognitive research on which this project was 
based has shown that mcjiory process deficiencies are pnrvasive in 
persons with mental retardation and learning disabilities. The 
ARC translated proven yet cuwbersoae cognitive assessaent and 
remediation procedures into an instructional package that employs 
the computer as the tutor, the interactional interface, and the 
data collection and analysis system. The field testing permitted 
an examination of the package's validity and instructional 
potency as wel 1 as a comparison of the remediation effects among 
groups of students with varying degrees of learning handicaps. 
The report contains a description of the research plan, 
presentation of the data-based findings, and a discussion of the 
implications of these findings as well as the anecdotal 
observations made during the course of the sevens-month field test 
period . 

Student Pogulat ion 

Sixty students participated in the cosplete study. Several 
other students were dropped from subject rolls because of 
scheduling and relocation problems. Of the 60 students 
participating in all aspects of the study, 20 had mental 
retardation, 20 had learning disabilities, and 20 were non- 
handicapped. The nonhandicapped students were those functioning 
adequately in regular education classrooms. Students with 
learning disabilities and students with mental retardation were 
identified as such in accordance with school district evaluation 
and placement procedures. Learning disabled students had average 
or above average intellectual functioning (as measured by the 
WISC--R) but demonstrated significant delays in one or more 
academic areas. Students with mental retardation demonstrated 
significantly delayed functioning in academic areas commensurate 
with their overall academic functioning (as measured by the WISC- 
R) and adaptive behavior. All students were between 12 and 14 
years of age, attended schools within the Dallas Independent 
School District, and furnished written parental permission for 
participation in the study. 

Measurement Instruments 

Four measurement instruments were used. The first is a 
computer-based assessment of memory competencies that was used to 
generate pre-- and post--test data regarding students' ability to 
remember items presented in sequence. The second is the 
assessment and remedial instruction incorporated into the 
software. The software allows for the automatic recording and 
analysis of data* The third and fourth instruments art? 
structured interviews of student familiarity with computers and 
of opinions regarding the instructional software package. 
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General Procedures 



The general data collection procedures were as follows; 

a) Data on the educational and psychoaetric measures 
pertaining to the students* diagnostic classifications were 
obtained froa school records, and informed consent letters were 
obtained frow the parents of all potential subjects. 

b) Five complete computer systems with all necessary 
peripherals were placed in the schools. Fifteen public schools 
participated, although 2/3 of the subjects attended a single 
schools Thusy the majority of the computers remained in that 
particular school and the others travelled with the itinerant 
research assistant « 

c) Students wore interviewed in their classrooms regarding 
their previous experience with computers and their opinions on 
the most effective and enjoyable uses of computers in the 
schools « 

d) A pre-assessment (pre-test) of memory processes was 
conducted with all students. This assessment was computer-based, 
and all participants underwent a brief familiarization with the 
computer before the assessment began. Each assessment required 
between 60 and 90 minutes. 

e) Participants receiving the training intervention 
interacted daily with the computer until they had completed the 
instruction or attained their maximum level of performance. 
Daily sessions lasted 30-45 minutes unless the student chose to 
terminate the session early. Students interacted independently 
with the computer^ and a trained research assistant was available 
to provide assistance and record data for use in reliability 
checks. 

f) Following completion of a post-assessment (post--tes t ) , a 
brief interview was conducted with eaeh student in which they 
were asked to comment on the software's ability to teach a new 
skill, hold student attention, and motivate improved performance. 

Research Design 

Procedure: Pre- and Post -Te st. All subjects received 
training to familiarize them with the computer, after which a 
computer-abased pre-test was administered. The subjects received 
six trials at each of eight levels (hierarchically arranged in 
regard to difficulty of circular recall requirement) in which 
they were shown items in ^ list and asked to recall the list. 
The last three of these six trials at each level were used in the 
data compilation. During the pre-test, no subjects received 
memory-strategy training. This procedure was the same fur the 
post-^test that followed the training sessions. 



Intervent ion . Half oi the subjects in each subject 
classif icat io-' received the computer-based instruction in t-he use 
of effective uieoory strategies. The other half received no 
intervention between pre- and post-tests. A total of sis recall 
requirenents were included in the training. These si>c w^rie * 
subset of the eight levels used in the pre-and post-tcsLs. 
Students progressed through training until they had coBplotecl llie 
entire sequence or had failed to aeet the niniiBum criterion for 
continuation of training. 

The intervention section consisted of assessnen t / tr ainin 5? 
cycl es that involved assessment of recall accuracy at a level and 
then training on cognitive strategies appropriate to that level 
if the student did not pass the assessment. If the student 
passed the assesssent without training, or passed it after 
receiving training, a/he advanced to assessment and possibly 
training on the next level of difficnity, and so on until &ihe 
failed to pass the assessment and failed to benefit from 
training. 

Experimental Desiun and Data Analyses 

There were several factors, pr independent variables, 
addressed in the experimental design and data analyses: subject 
Classification (learning disabilities ( LD ) , mental retardation 
(MR), non-handicapped (NH)), instructional Condition ( trairiin g, 
control). Test (pre-, post-), and circular recall re<iu ir eacrnt 
(the different difficulty levels). Classification and Condition 
were between-sub jec ts factors. Test was a wi thin-sub jccL s fac tor. 
The dependent variables were a measure of cognitive strateg:y use 
(as reflected by the omega-squared statistic), a recall accruracy 
measure (as reflected by the number of items correctly rec»U«d>, 
and a memory-improvement measure (as reflected by the iQcre?as« in 
the number of difficulty levels passed from pre-test to pos. t- 
t es t ) . t 

Accurac y - 2/2 Level . A 3-way analysis of variance (A^O VA> 
on Classification x Condition x Test was conducted on the Z/2 
(circular recall) level of difficulty,"* using the median nuiabe r of 
items recalled accurately over the last three assessnent trials 
as the dependent variable. The analysis showed that the a»in 
effects of Classification (p<.001), Condition (p<.014), and T«st 
(p<.001) were all significant. These main effects were qualified 
by a 3-way interaction of Classification x Condition x Test {i)<. 057) 
This analysis reveals that: 

o the NH group recalled more than the LD group who recalled 
more than the MR group, 

o the subjects who received training recalled more than the 
subjects who received no training. 
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o subjects recalled more on the post -test than they did on 
the pre-test, 

o the MR group who received training increased their r-cail 
from pre-t<?st to post-test more than MR group who did 
not receive training and this difference was greator than 
the corresponding differences in the NH and LD groups. 

Omega-squared - 2/2 Level . A 3-way ANOVA of Classi f ical i on 
X Condition x Test was conducted on the 2/2 level of difficulty, 
using the median omega-squared value over the la,«t three 
assessment trials as the dependent variable. No significant 
interaction or main effects were obtained. 

Accuracy - 3/2 Level . A 3-way ANOVA of Classification x 
Condition x Test was conducted on the 3/3 level of difficulty on 
recall accuracy. Significant main effects for Classification 
(p<.001) and Test (p<.001) and a significant 2 -way interaction of 
Condition x Test (p<.001) were obtained. These effects were 
qualified by a significant 3-way interaction of Classification x 
Condition x Test (p<.004). This analysis reveals that: 

o the LD and MR groups who received training showed a 
greater increase in recall from pre-test to post-test 
than the LD and MR groups who received no training. This 
was not true for the NH groups. 

Omega-squared - 3J2 Level . A 3-way ANOVA of Classification 
X Condition x Test was conducted on the 3/3 level of difficulty 
on omega-squared. No significant main effects or interaction 
effects were obtained. 

Levels Passed . As a result of the pass/fail criterion 
operating at each difficulty level, the numbers of students in 
each group who participated at the greater difficulty levels 
decreased with each succeeding level. This provides validity to 
the original hierarchical ordering of the dif f crent circular 
recall requirements. It also precludes conducting ANOVA's at 
these greater difficulty levels. To analyze the overall chanuu 
that the instructional package created in student perforaance a 
fliore appropriate analysis is an analysis of variance on the 
increase or decrease in the number of difficulty levels (circular 
recall requirements) passed on the post-test relative to the 
highest level passed on the pre-test as a function of subject 
classification and instruction condition* 

A 2-way ANOVA of Classification x Condition was conducted 
using the levels increase/decrease as the dependent variable. A 
significant laain effect for Condition {p<.003) was obtained. 
This analysis revealed that : 



o the subjects who received traininjj showed significantly 
greater increases in the number of difficulty levels 
passed on th'- post-test relative to the highest level 
passed on the pre-test than subjects who received no 
training- 

The dependent measures for each subject in this analysis 
were derived uf»ing the original criterion for scoring a level as 
passed, that perfect performance on the last three assessraont 

trials on tha level. A unaniaous conclusion aaong project staff 
during the fiuld testing was that this criterion was too rigid 
for all subject groups and suppressed the true effects that were 
taking place. We observed that occasionally a student made a 
simple mistake on one of the last three trials, e.g., momentarily 
losing his/her train of thought on the sixth trial after 
concentrating intensely on the first five trials, inadvertently 
touching the lijjhtpen to the wrong place on the screen thereby 
selecting an incorrect letter, or turning away from the display 
screen momentarily because of a classroom distraction. This last 
example represented a large number of these types of "oops" 
errors, as each of the 60 subjects was tested in the natural 
classroom environment that, ir most cases, was replete with a 
wide variety of "distractions". The "per fee t-on-the- last- three" 
criterion forced each one of these instances to be scored as a 
failure. We believe a more reasonable criterion for passing a 
level that better reflects the actual gains and losses made is 
correct performance on four of the six assessment trials. We 
believe this is not an easier criterion but is a more fair 
criterion that gives a truer picture of the actual effects. 

A 2-way ANOVA of Classification x Condition was conducted 
using the levels increase/decrease as the dependent variable, 
scored with the " f our-out-of-slx'* passing criterion. Significant 
aain effects for Classification (p<.00l) and Condition {p<.001) 
were obtained. This analysis revealed • that : 

o the subjects who received training showed significantly 
greater increases in the number of difficulty levels 
passed on thi post-test relative to the highest level 
passed on the pre-test than the subjects who received no 
training. 

o the NH group showed greater increases than the LD group 
who showed greater increases than the MR group. 

Conclusions . In any task allowing mcHsureraent of cognitive 
activity that will be used to compare cognit ively-impaired and 
non-impaired individuals, it is important to employ difficulty 
levels that permit unrestricted assessment of the performance of 
both groups of subjects, i.e., levels that arc not too difficult 
for the cognit iveiy-iapaired subjects, nor too easy for the non- 
impaired subjects. While typical clinical use of this software 
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in the classrooa would most likely focus individually on Ihe 
assessment and instruction of each student, the software 
incorporates sufficient flexibility in selectintf difficulting 
levels that, when coiaparisons across student groups are 
desirable, difficulty levels that avoid floor and ceiling effects 
in the analyses should be easily identified. 

In the research in this project, the initial level of 
difficulty, 2/2 circular recall, was too easy for wany of the NH 
subjects. The task at this level did not tax them and they did 
not need to employ any particular cognitive strategies to perform 
successfully* As a result, the most appropriate analyses in this 
research are the ANOVA's on the 3/2 level of difficulty and un 
the increase/decrease in levels passed from pre- to post-test. 
Froffl these analyses the following conclusions can be drawn: 

o the data derived fro® this compuier--based assessmen t ^and-- 
instruction packuKc are orderly and the general results are 
consistent with the types cf results that have been previously 
obtained in laboratory research; therefore, the software 
represents a valid transfer of a sophisticated cognitive tool 
froa laboratory equipsient to a standard microcoaput er , 

o the software provides effective instruction within a 
level of difficulty for students who are learning disabled and 
students who are mentally retarded; it also improves the 
performance of nonhandicapped students, 

o after receiving instruction through the software, 
students who arc non--handicapped , learning disabled, and inentally 
retarded can perform successfully on memory tasks that are more 
difficult than the tasks which they completed successfully prior 
to instruction, 

o the relationship between the amount of instruction 
provided and the criterion used to evaluate whether a student 
benefitted from that instruction needs to be researched for this 
application, as it appears that some beneficial effects may be 
obscured by the choice of inappropriate levels . 

Student In ter views 

Interviews on the following two topic areas were conducted 
with students who participated in the research: (1) their 
experience with and beliefs about computers and (2) their views 
about the instructional package that they helped to evaluate. 

The first interview was conducted in the orientation stnffe 
of the research. The following questions were asked: 



1. 

2. 
3. 

4. 

5* 

6, 

7. 

8. 

9. 
10, 
11- 



Do you have a computer at home? 
If so, which bran«i? 

Have you used any computers that your school owns? 

If so, on how »any days have you used them 
(approximately ) this school year? 

Would you like to use the computers more often nl 
school? 

In what ways, if any, can a computer help you learn? 

In what ways, if any, can a teacher help you learn 
something better than a computer can? 

On what subjects, if any, would you like to receive 
computer instruction in addition to teacher instruction? 

Do you think you remember information better when a 
teacher instructs you or when a computer instructs you? 

Do you prefer to learn by yourself or in a ijroup? 

What features make up a good video arcade game? 

Name your top 5 video arcade games. 



# 



The results provide a view of how the participants view computer 
usage as it pertains to the learning process. This was studied 
in questions 5-9, while experiences with conputers are probed in 
questions 1-4. Questions 10 and 11 provide general information 
concerning the participants* interests in video ganes on the 
narket, and this infornation further reveals features that appeal 
to and motivate the interests of those studied. 

Thirty percent of the participants answered that they had 
computers at home, while the Non-Handicapped Training group made 
up 36* of those with hone computers. The MR groups reported no 
home computers. However, most students had used computers at 
school (77%); among the MR groups, 70% had used school computers 
before. Among those students who had access to school computers, 
most frequently spent a total of 1 semester in computer-related 
learning and activity. When asked if they would like to use 
computers more often at school, 96^ answered Yes. Among the ways 
in which students thought a computer can help in learning, math 
was the most popular answer, followed by general studies and 
learning skills. 

The benefits of a teacher over a computer were largely 
factors of communication: most participants in the LD group 
answered that teachers could explain things more clearly than a 



they 
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coaputer could. The MI aroupts felt that teachers could 
conaunicate more cohereiiHy in topics that ranged from science 
laboratory applications to mastering the computer itself. Whilf 
the MR groups found difliculty in citing ways a teacher could 
help then learn btjtter tlian a computer, they did, however, give 
suggestions in favor of the computer. Math, reading, and language 
arts were subjects in whicii the MR groups felt coaputer us« would 
be helpful. Likewise, both the LD and the Nil groups ciicfl 
general studies as subjects in which computer instruction could 
suppleroent teacher instruction. Forty-seven percent of the 
participants said they could remember information better when a 
teacher instructs them, 38% favored coaputer instruction, and lO". 
favored both. Forty-seven per cent preferred to learn by 
themselves, while 40% preferred group settings. 

The preferences in videogame features and attractions w<.-re 
relatively consistent within groups, however they varied among 
groups. For instance, the NH groups repeatedly cited color as an 
important videoy arac feature, while action and challenge wer«! 
favorites of the LD group. Shooting was the major feature that 
attracted the Mil group. 

Of the vidno arcade games that most subjects liked the bf:;t, 
the top five were those with animated characters and character 
personalities. The NH group cited the most high-level, skill- 
related games, but still maintained agreement with the other 
groups who favored tho "animated character" type games. The 
overall favorites were; 1. Pac-Man 2. Ms. Pac -Man 
3. Donkey Kong 4. Centipede 5. Mario Brothers 

The second interview was conducted at the completion of the 
student's participation. The results reveal the views of the 
participants on the software developed in this project. The 
following questions were asked: 



1. 


What do you think this software was 


trying to teach you? 


2. 


Do you think you gained new skills? 




3. 


If so, what were they? 




4. 


What things did you like best about 


it? 


5. 


What things did you like least? 




6. 


How would you change the software? 





In response to the first question, almost all participants 
responded with an answer pertaining to memory, or remembering, 
indicating that most of the participants had a clear picture of 
what skills were being tested. Over 90^ of the participants felt 
.that they had gained new skills as a result of the project and 
menory skills were cited frequently. 
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The video jjaaie was unquestionably the favorite aspect of the 
software. The feat UTf^ niantioQcd second laost fre^iuently was liie 
Memory task, confirming the subjective iapressions of our 
research assistants that wany subjects truly enjoyed the type of 
Bieffiory tasks that the software presented. The students also 
cited the challenge presented in both the competition with theii- 
peers on the video gaiue and on the memory tasks* 

Subjects were more heterogeneous in response to the quciBtion 
on the features they liked the least. Some cited the difficulty 
of the higher levels of testing. Possibly reflecting greater 
anxiety, subjects in the LD and MR groups often mentioned that 
they liked least "making mistakes** or other related answers* The 
NH group that received training frequently cited ^'training", 
confirming our subjective impression that after the initial 
training they did not require the same frequency and degree of 
training as the other groups. 

When asked how they would change the software, over 53% 
said they would make no changes at all. Among those who felt a 
change was needed, those from the NH groups suggested making the 
memory task easier and reducing the training. Subjects in the LD 
groups mentioned reducing the levels of difficulty, giving move 
examples, and giving more playing time on the videogame. No 
members of the MR group suggested any changes. 

Subjective Observations 

Observations made over the course of field testing provitled 
valuable information about the software package as well as about 
the characteristics and needs of each of the subject groups. 
They are discussed in this section because they have a direct 
bearing on the outcomes reflected in the data. 

As a unit, the subject groups brought different skills and 
experiences to the task presented via the software . The 
nonhandicapped group had more experience with computers outside 
of the school setting and were less fearful of the situation. Of 
all three groups, the students with mental retardation appeared 
particularly tentative in their physical interaction with the 
computer system. Use of a lightpen interface was novel for all 
students, and the majority mastered its use with ease. 

Considering the age of the subjects, the experimenters 
expected to encounter behavior patterns typically attributed tu 
middle school students. We expected them to be somewhat 
disdainful of tasks requiring a concerted effort and a serious 
at t i tude, and we were concerned that the presence of thei r peers 
would exacerabate these reactions. We also were concerned that 
subjects would be unable to maintain concentration of sufficient 
quality and duration for successful task completion. On these 
counts, our concerns were unfounded. 
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Although students initially approached the testing situation with 
aone trepidation, and while many atteapted to aask this with an 
air of nonchalance, once subjects were faailiarized with the 
systea thoy worked earnestly to complete the tasks successfully. 
The videogame reward was one that the students worked toward and 
enjoyed playing. Thoy also took pride in their accompl ishments 
both on the task and on the videogame. 

One very concrete indication of the intensity with which 
they approached the work was their concentration. It was common 
for students to aaintain attention to the display screen for 30 
to 45 minutes without distraction. This was an especially 
surprising observation in regard to the students with learning 
disabilities and mental retardation. This may be attributable to 
the students* perception that they needed the information that 
was being imparted and trained in order to be successful on the 
assessments, and also to the quickly-paced interactional format 
in which instruction and practicr were couched. 

These observations should not be interpreted as suggesting 
that the instruction had the same at tention -maintaining effect 
across students. In fact, the non-handicapped students who 
received training became increasingly distractible as they 
completed more cycles through training. Since this was seen to a 
lesser degree with the learning disabled students, and was not 
observed at all with students with retardation, these 
circumstances lead to the conclusion that detailed instruction 
during each cycle and at every level was not necessary for the 
nonhandicappcd students. Rather, it may have been sufficient to 
provide this group with some initial instruction followed by 
repeated opportunity for practice with different recall 
requirements. As the instructional program is currently 
designed, it provides intensive instruction at each and every 
difficulty level. In our field testing, this circumstance 
appeared to engender some frustration in those studenta who 
understood the task and simply needed practice at general ij: ing 
these basic skills to new recall requirements. 

Further support for this notion came from the attending 
behaviors of the students with mental retardation. It was within 
the group of subjects who received training that attention was 
most intense. Subjects with mental retardation were in greatest 
need of the instruction presented, and their extremely high 
attention levels would indicate that they were aware of their 
lack of skills necessary for correct performance of the memory 
task and were actively seeking to improve their performance. 

These findings indicate that an appropriate modification to 
the existing software package might be an option permitting 
selection of various degrees of instruction- In this way, 
students requiring all that the original package offered in terms 
of task breakdown, hierarchical presentation, and fading of cues 
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could benefit froia all of these features, while students 
requiring a less detailed training package would be relieved of 
excessive detail that might iapede motivation or learning. 

A related observation is that nonhand icapped and learning 
disabled students rarely required additional explanation beyond 
that offered as a part of the software. On the other hand, 
students with mental retardation frequently required the research 
assistant to provide additional information as an adjunct to the 
software's instruction. This suggests that an even more detailed 
version of the instruction than the version currently offered 
might be helpful to a subset of students with significant 
learning problems. The need for additional instruction could be 
a factor determined by the software on-line as it analyzes 
accuracy and pause time data and detects consistent error 
patterns in the data. This additional feature would greatly 
enhance the power of this package. 
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OVERVIEW 



ARC of the United States Bioengineering scientists have developed 
a conpu ter-based instructional package that can be used to assess 
and assist in remediating probleas in meaory and setacogni tioa in 
children and youth i#ith aental retardation and other 
developaental disabi 1 it ies « This innovative package* using a 
laeaory task used previously only in laboratory applications, 
focuses on basic cognitive skills which are crucial to learning 
and performance « 



THE TARGET POPULATION 

This package will be field tested on children and youth who are 
non-handicappedf those with learning disabilities and those with 
nental retardation because of its applicability to the entire 
school-age population. However, the population to benefit the 
most from this aid is that group with identifiable memory 
difficulties who are able to interact with the computer system* 
Generally, the audience that falls into this category is composed 
of school-aged children and youth with mild to moderate mental 
retardation and those with learning disabi lit ies« 



APPLICATIONS 

Although the user population for the cognitive software is 
extensive, primary usage is anticipated in school systems, 
specifically special education classrooms* The program will 
enable a teacher in a special education classroom to assess 
whether a student has significant memory process deficiencies, 
identify the nature of the deficiencies and provide the student 
with individualized instruction that will help him/her improve 
memory skills* 

Ultimately, the system will provide teachers and, possibly, 
parents, a means by which they can begin to remediate serious and 
pervasive learning problems encountered so of^en in children and 
youth with mental retardation and learning disabi 1 it ies « 

Finally, the system is designed for use on either the Apple II 
series or the IBM compatible, MS-DOS computers* Since these are 
the most widely used types of computers in public school systems, 
this can be considered an additional benefit and selling point* 



CHANNELS OF DISTRIBUTION 

Once the development, field testing and refinement stages have 
been completed, the instructional package of software and 
documentation will be ready to fulfill its primary purpose, which 
is assisting teachers in the assessment and remediation of memory 
deficiencies. Vital to the attainment of this end are effective 
channels for distritfut ion of the product. 

K 
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The sost preferred distributor would be a software publisher with 
an established reputation and a wi'ie distribution network in the 
education iiarket. Since there are literally hundreds of software 
coBpanies, the pool of relevant potential aarketers would be 
comprised of those offering a product line consistent with the 
offer inir of the ARC project. Three types of product lines 
potentially offer this coapatibility: those with regular 
educational software, those with software designed for special 
needs populations, and those with software designed specifically 
around cognitive tasks. These three product lines are not 
Mutually exclusive; in fact, froio our conpilation of information 
on software publishers, there are a few coapanies pronoting 
software appropriate to all three categories. 

The responsibility of the ARC in the distribution process is six- 
fold. The first responsibility is the technical specification of 
the capabilities of the instructional system. The second is the 
identification of the target population. The third is to 
establish and document the need for software of this type among 
the target population. The fourth responsibility is to highlight 
the unique features of the systeia. The fifth is to identify, 
based on the target population and needs assessnents, marketing 
strategies that a software publisher could enploy to increase 
networks of information dissemination. The final responsibility 
entails dissemination of information regarding the package's 
availability from the eventual marketer. 

Through the field-testing process, the ARC will obtain the 
information necessary to meet the first of these outlined 
responsibilities. We have devised a detailed plan for evaluation 
in which participants will be comprised of persons with mental 
retardation, those with learning disabilities, and nonhandicapped 
persons. The instructional package will be evaluated in terns of 
its validity (that is, its ability to differentiate among ability 
groups) and its instructional Value (that is, its ability to 
assist in the remediation process). This research will allow us 
to draw conclusions regarding the capabilities of the software 
for assessment and instructional purposes. 

This research will also allow us to determine the breadth of 
effective application of the package across the populations in 
need. Although the appropriateness of this software for the 
population of nonhandicapped students is not the primary focus of 
the development project, a determination of such appropriateness 
is incorporated in the research design to provide a base of 
cumpurison for the handicapped users. As a result, there is a 
distinct possibility that the results will show that the larger 
market of non-handicapped students could derive enhancements in 
memory functioning through use of this software. Project staff 
conducted an extensive review of the cognitive psychology and 
special education lit*?ratures to identify the characteristics and 
nature of the populations to benc?fit from the aid. We have 
determined that approximately 55% of the students enrolled in 
special education classrooms in this country could benefit from 
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this instructional package. This figure represents a aarket of 
close to two and one-half aillion students. More detailed 
infornation will be provided to the eventual aarkeier. 

The /RC's extensive literature review also assisted in confiraing 
the need for this type of software. One of the conclusions that 
can be drawn froa this review is that the aeaory task around 
which the package is constructed is a valid and "pure** aeans by 
which to assess and train aeaory skills, and also that the 
coaputer is a near-perfect vehicle for this package because of 
its ability for logical analysis and its capacity to deal with 
large aaounts of inforaation in an interesting, effective, and 
efficient aanner. This package accoaplishes the aarriage of a 
theoretical knowledge base to a practical, educationally-sound 
assessnent and training package. The educational softwnre 
aarketplace currently fails to offer products reflecting large- 
scale efforts of this nature even though the desirability of such 
packages has been acknowledged by researchers, service delivery 
personnel and software publishers. 

The ARC has the responsibility for highlighting the capabilities 
and positive attributes of the systea to potential aarketers and 
eventually to consuaers. Detailed description of these features 
would be lengthy; only the aajor points will therefore be 
suaaarized as follows. First, the package offers both assessaent 
and reaedial coaponents, and reaediation is based logically on 
the asscssaent results. Second, this assessaent peraits the 
reaediation coaponents to be individually tailored to each 
student's needs. Third, the package uses the unique features of 
♦he coaputer to their fullest extent in assisting the child to 
understand and perfora the required tasks; and fourth, the 
package eroploys innovations such as digitized speech output and 
light pen input to enhance its educational validity and appeal. 
Finally, the child's perforaance is analyzed and interpreted by 
the coaputer, which allows the teacher to obtain practical 
inforaation for classrooa purposes. This analysis and 
interpretation was designed with assistance froa the leading 
cognitive psychologists in the country. The student's 
perforaance data is also peraanently recorded for later review by 
the teacher. 

In aeeting the fifth responsibility, the ARC will suggest 
aarketing strategies for use by a potential publisher based upon 
the factors addressed above. We will assist the pubiisher in 
highlighting this prograa's appeal and value to parents, 
teachers, and school districts. The ARC's final responsibility 
to the distributor will be aet through the ARC's ability to 
disseminate inforaation across a nationwide network. Through our 
network of 1300 state and local affliates, our core of 200,000 
members, our national publications including our national 
newspaper which is distributed six times a year to each aeraber, 
our coraputerized technology data base, our naltonul electronic 
aail and bulletin board system, and our B ioeng ineer ing Program, 
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we are in a unique position to raise the awareness of school 
personnel on the availability of effective educational software 
in the aarketplace. 



MARKET DEMOGRAPHICS 

The oarket for the software is not liaited to school systeiss, but 
since this is the nost likely "buyer** of this product, it would 
be pertinent to look at some statistics that will give an 
indication of the potential size of the market: 

o In 1983, the special education field spent J^IO billion on 
materials used by or on behalf of students. 

o Again, as of 1983, 330,000 microcomputers were in this 
country's schools. 

o By the end of 1986, there will be an estimated 1,025,000 
microcomputers in public schools. Approximately one- 
quarter of these, or 225,000, will be used in special 
education, benefitting 4.3 million special education 
students. 

o Special education accounts for 11* of the purchases in 
the educational computing marketplace.^ 

o In the 1984-85 school year, approximately 15 million 
students and 50^,000 teachers used computers in the 
public schools. 

o Market analyst's projections of the amount to be spent on 
educational software in the 1987-88 school year range 
from $250 million to $500 million.^ 

# 



Vest, C^R* (1983)* Marketing and procurement of technology 
assisted learning systems. Micro Market Examiner, 1,(3), 1. 

Blaschke, C.L. (1982). Microcomputers in special education 
trends and projections . Journal of Special Education 
Technology . 

Carol Daniels, LINC Resources (personal communication based on 
Quality Education Data survey, LINC survey of states, and 
Johns Hopkins survey) . 

Electronic Learning: The Guide to the Educational 
Marketplace (1984). Scholastic Inc. 



These data indicate thai there is clearly a significant market 
for this instructional system both now and in the future. 
Indeed, since this system appears to have application to both 
regular and special education programs, the potential market is 
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enoraous. The »tati»tica cited above also indicate that 
substantial dollars are available to purchase equipaent and other 
supplies that will enhance the learning of children and youth in 
classrooas across the country. Couple these factors with the 

♦ **** cognitive software systen and it would appear 

that the eleaents are in place to sake it a successful product: 
5.Jf*i^^"®*®' "*^«^«c*lve product, an educational void to be 
filled, recognition of the computer as a viable educational aid, 
and the availability of nonies for purchase. 



SUGGESTED MARKETING STRATEGIES: 

1. Publicize availability of software through trade 
Journals, newsletters, and teacher and education 
aagazines. 

2. Promote product at conventions of education, special 
education, rehabilitation, and computer technology 
professionals. 

3. Organize demonstration seminars for educators. 

4. Identify several schools in which to set up system on 
trial basis at no charge to the school in an effort to 
elicit word of mouth publicity and testimonials. 



FEEDBACK FROM COMMERCIAL PUBLISHERS 

In compliance with SEP's request for feedback on the 
marketability, useability, and suitability of the product, the ARC 
identified several commercial software companies having product 
lines compatible with the software under development in this 
project. The company presidents and/or product developers were 
contacted and their participation was requested. Several 
companies denied our request, citing most frequently the non- 
remunerative or time-consuming aspects of the task. Non- 
disclosure agreements were obtained from three marketers who 
agreed to participate. 

These companies were sent an information packet including a 
statement of the problem addressed in the project, production and 
marketing plans, and the program narrative with accompanying 
documentation. The company representatives were guided in their 
review by the survey form created by the ARC project staff. The 
form was intended to direct the reviewers* comments to the 
specific aspects of suitability, useability, and marketability. 

The evaluations we received were overwhelmingly positive. On a 
scale from 1 to 6, with 6 being the most favorable score, the 
software package received an average score of 5.33 in regard to 
its suitability, an average score of 5.67 in regard to its 
useability, and a unanimous rating of 6 in regard to its 
marketability. 
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Several suggestions were Bade regarding the eventual aarketing of 
the package. One reviewer consented that while our developaent 
work was being done for the Apple and Cosaodore • ^ 

sight want to eventually consider adapting a version for MS-DOS 
sachines. In the tise that has passed between our survey and the 
present, we received approval to sodify our workplan to ^place 
the Coasodore version with an MS-DOS version in response to the 
current trend in the educational aarketplace. One reviewer 
coaaented that we aight suggest to the eventual aarketer that a 
lightpen be included in the instructional package to enhance 
convenience and discourage piracy. Reviewers also «"f«e«i«^/v5 
the aarket for this software could be increased greatly if field 
tests desonstrated it to be effective in iaproving the cognitive 
skills of the non-handicapped student population. The prevailing 
opinion appeared to be that the inat^-^f ^ ^on^l 7?! * J**^** 

one, and that effective aarketing was key to its viability as a 

coaaercial product. 

lOCATING COMMERCIAL MARKETER 

We will be working closely with the staff at LINC Resources to 
locate potential aarketers for this product. LINC has in place 
procedure by which software developers can locate appropriate 
potential publishers for their products. LINC provides 
assistance in the identification of appropriate publishers, m 
the preparation of inforraaiional docuaents to be sent to the 
publishers, and in the conduct of negotiations between the 
developer and aarketer. LINC will advertise the availability of 
the software package to potential aarketers through the ilM. 
Notes newsletter. The availability of a resource such as LINC is 
invaluable to this project, and ARC staff will take full 
advantage of the services that LINC offers. 

During the period in which beta tests are being cowpleted, 
aoproxiaately 20 software coapanies will be contacted regarding 
their interest in aarketing this product. Interested parties 
will be asked to deaonstrate their willingness to collaborate by 
subaitting to ARC project staff a stateaent of their company s 
capabilities in regard to advertising and production as well as 
its distribution channels. Project staff will review the 
responses to this request, and will select at least five 
coapanies with which to conduct aore detailed discussions. The 
two coapanies with the aost appropriate capabilities, product 
line, and demonstrated interest will travel to the ARC for a 
demonstration of the software and to review field test data and 
sarketing ideas. During these visits the potential aarketers 
will be asked to project an appropriate unit-price for the 
instructional systea as well as an approxiaate expectation as to 
annual sales voluae. The results of this process will be 
reported to the project officer in the final aarketing report. 
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Software Coding Docu«en t at ion 
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ACT_RLTH 51 

CHKACCO 53 

CLR_LTR 54 

CUHSOFF 55 

DBL^STD 56 

FREENRD 57 

GAME2 58 

GAME IN IT 60 

GRAPHS 61 

INIT 63 

INIT^STIK 64 

INITPEN 65 
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i422 



JISTK 66 

KEBPQOINQ 67 

LOADVRD 68 

LOBOZSS 69 

MOVAMDSHOW 70 

ms 71 

OPSCRM30 72 

OUILIHAMDSHOW 73 

PLT 74 

QOESTIOH 75 

BEADT 76 

HEYLIST 77 

BOLE 78 

SELSTBT 79 

SELSTBTP 80 

SET^BLIHK 81 

SHO¥„BOW 82 

SHRIMK 83 

SIMPLER 84 

SPEAK 85 

TABLE 86 

VMEBO 88 

VARBIHQ 89 

WIPE 90 

LEVEL 3 91 

ACGRAPB 91 

ACT^BOX 93 

BLNKSTAR 94 

CURSOSP 95 

DBCREAT 96 

DRAWSTR 97 

FIRD^HAME 98 

GET^DATA 99 

OETLEVEL 100 

LIST ; 101 

LOADBOCSET 102 

MOVBOCKET 103 

OOTLIBEBOX 104 

OMEO 105 

PLTICOH 106 

PLTMSO 1 07 

PRIB 108 

PTOBAPH 109 

BEHEW 112 

BEVIEH 113 

BSTRTWIN 114 

SOOO 115 

S001 116 

S010 117 

S0 1 1 118 

S100 119 

S101 120 

S1 10 121 

S1 11 122 
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I 
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L 



SET_BOX_CLR 123 

SHEET 12^ 

SHOW^LTH 125 

SHOVBAMS 126 

SOIIO 127 

STARHIT 128 

STOP^BLINK 129 

WAIT 130 

WIMDOW 131 

tEVEL 4 132 

DISSOLVEBOX 132 

DRW 133 

OETCOMM 13* 

GETMS 135 

QETSOHO 136 

IMS^STD 137 

LIOHTPEN 138 

LOBOX 139 

MAPDATF 140 

MODIHFO mi 

MSP 142 

SAVSCH 143 

SELLVL 144 

SHIPMOV 145 

SSSP 147 

SST 148 

suit 149 

TOME 150 

UPDATE 151 

WHISTLE 152 

200 153 

LEVEL 5 154 

ALARM 154 

AHSISCR 155 

COTSP ; 156 

DBCIDE^PATH 157 

DRAHirUM 158 

EHASEHOM 159 

FOUND 160 

HIT 161 

IMTVLS 162 

JOIPOS 163 

KEIIH 164 

MAPCAPF 165 

MODIFX 166 

PEHPOS 167 

PLTCHR 168 

PLTRKT 169 

PLTSHP no 

LEVEL 6 171 

B_SEARCH 171 

CHIRP 172 

QETCH 173 

LEVEL 7 (ASSEMBLER ROUTINES) 174 
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P08CTI0N DESCBIPTIOI 



Name : 



Synopsis: aainO 



Oesoription: 



TABIABLES: 



overlayed Cognitive Training Tool 



Global : 

obar 
int 

op.dsk 
lot 
ohar 
int 
int 
int 
int 
int 
int 
Local: 
o 
d 

struct grpboss grphcsl 

level 

onoeaore 

struct sounds soundl 



bufdateC?] /• buffer to get date •/ 
clvl /» current level •/ 

dfd /• data file descriptor •/ 

indev /» ligbtpen or joystick •/ 
me et^ao curacy 
prep 

set /* training set asstt, f f , cr , id, ob */ 

train 
xsoale 
yscale 



retcieve menu selection 
randum number 

graphics nodule parameters 
current student level *^ 
receives response from keeping to 
terainate assessment loop 
sound module parameters 



Returns: 



L 



Functions called 



asmt, ohlpl, cblp2, cblp3, cblp4, close, orlpt, crlp2, 
crlp3» orlp4, cursdsp, delete, fflpl, fflp2, fflp3, 
fflp4, game, gameintr, idlpl, idlp2, idlp3, idlp4, 
keepgoin, 12J, 121, 13a, 13b, 13o, 13d, 13e, Ivll, 
menu, opscrn13, preat, prepgm, printf, putcbar, ran, 
tdate, trans, viewdata 




f 
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FORCTIOII DBSCBXPTIOI 



Nase 



Synopsis : 



mnmtil) 

X /* Xovel of assessnent training */ 



Description: assessment for required level 



f ABIABLES: 



See Next Page 



Returns: 



Functions called 



L 



act_boXf act_rltr, ohkaocu, cursoff, declde„patn, 
dlsaolvebox, freewrd, getcb, Inlt, lootlsa, loadwrd, 
loboxes, Iseeky omeg, outXlnebox, prln^ prlntf, 
question, ready, rstrtwln, rule, set^bllnk, setnem, 
show_ltr, show__row, strncpy, wait, wipe, write 
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rUHCTXOR DESCRIPTIOI 



Hane : 



Description: 



Global : 

struct 
struct 
int 
Int 

struct 
df dslog 
int 

int 

int 

log 

int 

obar 

obar 

int 

int 

int 

int 

struct 
Looal : 
o 
f 
1 

logsoore 
ok 

score 

time 

which 



assessBent_r oa, 
log clog 

clvl /• current level •/ 

crlen /* length of # of elenents 

student os 



in 



listlen /* total # of eleoents in an 
assessaent 

logfd /» log file descriptor •/ 

loglen /* length of log structure */ 

loop /» loop number 1-4 •/ 

IrblCiO] /» letters held by lower row boxes •/ 

ItrCiO] /* letters to appear below lower row 

meet^acouracy 

prep 

set /* training set asmt, f f , or , id, oh */ 

setctr /• count of failures for set •/ 

log slog 

recieve menu Belection 

index 

index 

index i 
accuracy score 

flag indicating upper & lower box match 
accuracy score 

pause time to select box or letter 
letter selected 
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PDVCTIOH DBSCBZPTZOI 



Mane : 



synopsis: ohlpl(l) 

1 /* level of assesaaeiit training */ 



Description: 



ohaining loop #1 OENO 



TABIABLES: 

Global: 
int 
int 

int 
cbar 
char 
int 
Local: 
i 

index 

J 
k 

struct 
tempC] 



orlen /• 
listlen /• 
assessaent 



loop 
lrbl[] 
ltr£3 
set 



/• 
/• 

/• 



length of # of eleaents in 
total # of eleaients in an 

loop nusber 1-4 •/ 
letters held by lower row boxea */l 
letters to appear below lower row 
training set asat , ff , or , id, oh */ 



ansistr ans 



index for eleaent within group 
index for rehearsal line 
index for nuaber of rehearsals 
in^ox for letter within a group 
paraneters for screen aanipulation 
buffer for rehearsal line 



Beturns: 



Functions called: 



ansiscr, decide_patnf freewrd, init, ioctlsa, loadwrd, 
loboxes, prin, putchar, question, ready, rstrtwin, 
rule, set_blink, set_,box_clr, show_row, sinpler, 
stop_blink, wait, wipe 



0 




FORCTIOH DESCSIPTIOir 



Synopala; «hlp2(l) 

X /• of assessaent training */ 



chaining loop #2 



TARIABLES: 



See Next Page 



Returns: 



Functions called: ^. ^ . ^ ■, ^ 

act_box, act_rbox, act_rltr, chkaccu, oursofft 

decide^atnt dissolvebox, init, iootlaa, loadwrd, 

loboxes, Iseek, sua, outlinebox, prin, question, ready 

, rstrtwin» rule, set^blink, setmem, show_ltr, 

8how_row, stop_bllnk, wait, wipe, write 
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FUICTIOIf DESC8IPTX0II 



Name : 



■CJBIit.iEi2, « C 



Description: 



fABIABLES: 



Global: 

struct 
int 

OS 

int 
int 
int 

int 

int 

int 

cbar 

int 

int 

struct 
cbar 
Local: 

0 

first 
i 

incorrect 
index 

J 
k 

matob 
score 
tenpC ] 
wbicb 
tioe 

wrongctr 



log clog 

crlen /• length of # 



of eleaents in 



data file descriptor */ 
iteration nunber for loop 
total # of elements in an 



2 •/ 



log file descriptor •/ 
length of log structure 
loop nunber 1-4 •/ 
letters held by lover row boxes •/ 



dfd /« 
itr2ctr /• 
listlen /• 
assessnent 
logfd /• 
loglen /• 
loop /• 
IrblC] /• 
meet_accuracy 

set /* training set asat , f f , or , id, ob */ 

log slog 

urblC] /* letters held by upper row boxes */ 

recieve aenu selection 

flag paraaeter for box selection 

index tor eleaent within group 

counter for nuaber of misses 

index for rehearsal line 

index for nuaber of rehearsals 

index for letter within group 

flag indicating match 

accuracy score 

buffer for rehearsal line 

letter seleoted 

pause time to select a box or letter 
iteration counter for training loop 
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j FORCTIOB OBSCBIPTIOlf | 


1 Naae : 












i Synopsis: 


ohlpBCl) 








1 /• level of 


asaessaent training V j 


iDsscrlption: chaining loop #3 « 


TABXABLES: 




i 


j Global : 








struct 




log clog 1 




int 




crlen /* length of # of elements in j 




int 




listlen /* total # of eleaents in an * 








assessment | 




int 




loglen /* length of log structure */ | 




char 




IrblElOj /* letters held by lower row boxes */ 




int 




Bcet^aocuraoystruct log slog • 




char 




urbl[10] /* letters held by upper row boxes *A 


I Local: 








0 




receive aenu selection | 




first 




flag paraaeter for box selection j 




1 




index for eleaent within group | 




inoorroct 




counter for number of misses j 




index 




index for rehearsal line j 








index for number of rehearsals > 




Batob 




flag indicating match i 




score 




accuracy score • 




tiae 




pause time to select a box or letter ' 




ffbiob 




letter selected i 




wrongctr 




iteration counter for training loop * 


iReturna: j 


{Functions 


called: 










act_box, act_rbox, aot_rltr, chkacou, cursoff, • 






deoide_patn, dlssolvebox, freevrd, init, iootlsa, | 






loadwrd, loboxes, nus, outlinebox, prin, question, * 






ready 


, rstrtwin, rule* set^blink, setaem, show^ltr, | 






show_ 


row, stop_bllnk, wait, wipe, write • 



ERIC 



7432 



FOHCTXOV 0B8CSXPTI0M 



1 

i 

1 
J 

] 

] 

I 

] 
I 
I 
I 

I 



Synopsis: ehlp4(l) 

1 /* leTel of assessadnt training */ 



Description: chaining loop #H 



TABIABLES: 



Sea Hext Page 



Returns; 



Functions called: act^box, act_rlt, obkaccu, cursoff, deci(le_patn, 

dissolvebox, freewrd, getch, init, loctlaa, loadwrd, 
loboxesi Iseek, mus, outlinebox, prin, printf, 
question, ready, rstrtwln, setmem, sbow_ltr, show_row, 
wait, wipe, write 



1 

er|c 84.13 



9 



FQMCTION DESCRIPTXOa 



t Naae : 



Description: 



TABIABLE8: 



] 
1 
] 
1 



I 



Global : 

struct 
int 

struct 

iot 

let 

int 
char 
char 
int 

struct 
Local: 

c 

first 
1 

incorrect 
index 

J 
k 

match 

score 

time 

which 

wrongotr 



log 
orlen 
student 
dfd 

listlen 
assessment 
loop 
lrbl[] 
ItrC] 
set 
log 



clog 

/• length of 



# of elements in 



cs 
/• 
/• 

/• 
/• 
/• 
/• 



data file descriptor •/ 
total # of elements in an 

loop number 1-4 •/ 
letters held by lover row boxes 
letters to appear below lower row 
training set asmt, f f , or , id, oh */ 



slog 



receive menu selection 
flag parameter for box selection 
index for element within a group 
counter for number of misses 
index for rehearsal line 
index for number of rehearsals 
index for letter within group 
flag indicating match 
accuracy score 

pause time to delect a box or letter 
letter selected 

iteration covinter for training loop 



t 
I 
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FOMCTZO* OSSCBZPTIOX 





Synopsis; crlpl(l) 






1 /• level of 


aseessMent training*/ 




Description: cumulative 


rehearsal loop #1 




VABXABLES: 






Global: 






struct 


assessiaent_r ca, 




lot 


crlen /* length of # of elements 


In 


struct 


student os 




Int 


dfd /• data file descriptor •/ 




lot 


llstlen /* total # of elements In 


an 




assessment 




mt 


loglen /* length of log structure 


»/ 


Int 


loop /• loop number 1-4 */ 




Int 


set /* training set asmt^ff^cr 


, ld,ch •/ 


struct 


log slog 




Local : 






1 


Index for element within group 




12 


index for recall list 




Index 


Index for rehearsal line 




J 


index for number of rehearsals 




k 


Index for letter within group 




teapC ] 


buffer for rehearsal line 




Returns: 



Functions called: 



] 1 



ERIC 



declde^patn, f reewrd » getch, inlt 9 ioctlsa, loadwrd , 
loboxedt 1 seek I out line box, prin^ print question, 
ready I rstrtwin, set_blink, set_box_clr , setmea, 
show_ltr, 8how_row, stop_blink, wait, wipe, write 



10 
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FaiCTIOl DSSCBIPTXOI 



Synopsis: erlp3(1) 

1 /■ lOTel of assessaent training */ 



Description: ouaulatlve rehearsal loop #3 



f ABIABLES: 



Qlobal : 

struct 
struct 

mt 

int 

Int 

int 

int 

char 

int 

struct 
char 
Local: 

first 
i 

incorrect 

index 

4 

natch 
score 
tine 
which 
wrongQtr 



as5es8nent_r ca, 



log 
crlea 
dfd 
itr 

loglen 

loop 

lrbl[3 

set 

log 

urblCl 



clog 

/• length of 
data file 
iteration 
length of 
loop nuBber 1-4 
letters held by 



# of elenents In 
descriptor •/ 
nusber */ 
log structure 
•/ 

lover row 



/• 
/• 
/• 
/• 
/• 

/• training set asat^ff * cr,id,oh 
slog 

/* letters held by upper row boxes 



boxes *A 
•/ 

•A 



flag paraaeter for box selection 
index for eleaent within group 
counter for nuaber of aisses 
index for rehearsal line 
index for nuaber of rehearsal 
flag indicating aatch 
accuracy score 

pause tine to select a letter or box 
letter selected 

iteration counter for training loon 



Returns: 



Functions called: 

act^box, cbkaccuf oursoff, deoide^patni dissolvebox, 
freewrd, getch, lootlsat loadwrd, loboxest Iseekt aust 
outlinebox, prln, printf, question, ready, rstrtwin, 
set.blink, set__box_olr , setaea, sbow^ltr, show^row, 
stop^blink, wait, wipe, write 
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FDRCTZOlf DKSCSIPTIOlf 



Nane : 



Synopsis : 



0Flp2(l) 

1 /* ley el of as««0raent trainias */ 



Description: 



VABIABLESs 



ouBulative rehearsal loop #2 



Global : 

struct 
struct 
int 
Int 

int 

char 

iat 

struct 
char 
Local: 

first 

iacorreot 

index 

J 
k 

natch 
score 
tenpt ] 
tine 
vhich 
wroagctr 



log clog 

student os 

dfd /* data file descriptor V 

listlen /* total # of elenents in an 
assessnent 

loglen /* length of log structure */ 

lrbl[] /* letters held by lower rov boxes * 

set /* training set asnt, ff , cr,id, oh */ 

log slog 

urbl[] /* letters held by upper rov boxes *y| 

flag paraneter for box selection 
counter for number of aisses 
index for rehearsal line 
index for ounber of rehearsals 
index for letter vithin group 
flag indicating natch 
accuracy score 
buffer for rehearsal line 
pause tine to select box or letter 
letter selected 

iteration counter for training loop 



Returns: 



Functions called: 



aot_box» act^rltr, chkacoui declde^patn, freewrd» 
getchy init, iootlsa, loadwrd, loboxes, Iseek, bus, 
outlinebox, prin, printf, question, read^ rstrtwin, 
set_blink, setmen, sbow^ltr, show^row, stop_.blink, 
wait, wipe, write 



ERIC 



POMCTXOM DSSCRXPTXOX 



Name : 



CHLP4.C 



Syaopsls: 



orIp4(l) 

X /* XoTel ot asseaaaent training */ 



Deaorlptlon: 



VARXABLBS: 



ousulative rabearsaX loop #4 



Saa Next Page 



Returns: 



Functions called 



ct„box, act_rltr, chkacou, oursoff* decide^pat, 
dlssolvebox, fr^evrd, getcb, init, loadwrd, loboxes, 
laeek, bus, outlinebox, prin, printf, questioni ready, 
ratrtvln, setmem, sbov.Xtr, abow^row, wait, wipe, vrit 



ERIC 
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FOHCTIOM DESCRIPTIOM 



Nane : 



] 
] 

3 
I 
I 
I 
I 
I 

li 

1 



Description : 



TABIABLBS: 



Global : 



int 


crlen 


/* length of # of elements in 




listlen 


/* total # of elements in an 




assessment 


xn V 


logfd 


/• log file descriptor »/ 


lot 


loglen 


/• length of log structure »/ 


int 


loop 


/• loop number 1-4 •/ 


char 


IrblC] 


/* letters held by lower row 




set 


/* training set asot, f f , or , id 


Int 


se tctr 


/* count of failures for set 


struct 


log 


slog 


char 


urbl[3 


/• letters held by upper row 


# 

0 


receive laenu selection 


first 


flag paraaeter for box selection 


i 


indx for 


element within group 


inoorreot 


counter for number of aisses 




index for 


number of rehearsals 


k 


index for 


letter within group 


Batch 


flag indicating aatcb 


Biasing 


flag indicating correct disk is missing 


score 


accuracy 


score 


tine 


pause time to select a box or letter 


which 


letter seleote(< 


wrongotr 


iteration 


counter for training loop 



boxes •/! 
, oh •/ 
»/ 

boxes */! 



ERIC 
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POIICTXOII DESCfilPTXOR 



I 

I I 



DgLBTB,C 



Synopsis: d«leto() 



1 
J 



Description: delete a student's performance record 



] 
] 



7AItIABI.ES: 



Global: 

struct student cs 

Looal : 

o reoeive oenu selection 



1 
I 
I 
I 



Returns: 



1 

h 

1 



Functions called: del^std, getcomm, iootlsa, prlntf 



ERIC 
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FDMCTIOff DESCSIFTIOB 



Maoe : 



Synopsis : 



fflPl(l) 

1 /* level pf assessaent training */ 



Description: 



fast finisb loop #1 



TABIABLES: 

Global : 

int 
int 

int 
char 
int 
int 
Local: 

i 

L2 



crlen /• length of # of elesents in 
listlen /* total # of elesents in an 
assessnent 

loop /» loop nusber 1-4 •/ 

ltr£] /• letters to appear below lower row 

set /* training set asnt^ff ,or,i<l, oh */ 

train 

buffer for prospt line 

index for oocuranoe within group 

index for recall list 



Returns: 



Functions called: 



declde_patn, freevrd, init, lootlsa, loadwrd, loboxes, 
outlinebox, prin, question, ready, rstrtwin, set^blink 
set_box_olr, show_ltr, show_row, sprlntf, wait, wipe 
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.^1 



1 



FaHCTIOV 0SSCBIFTI08 



Synopals: f^^pgd) 



1 /* leTel of aas«ssaent training */ 



1 



fast finish loop #2 



TABIABLES: 



See Next Page 



ReturDs: 



Functions called: act_box, chkaccu, cursoff, declde^patn, dissolvebox, 

freewrd, getob, inlt, iootlsa, loadwrd, loboxes, Iseek 
BUS, outllnebox, prin, prlntf, question, rstrtwln, 
set^bllnk, set_box_olr, setmeia, show^ltr, shou^row, 
sprlntf, stop_blink, wait, wipe, write. 
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FUHCTIOR DESCRIPTION 



Nane : 



1 



Description: 



TABIABLES: 



I 



ERIC 



Global: 

struct 
Int 
int 
Int 

int 

int 

int 

char 

int 

int 

struct 
char 



Local 



bufCl 
first 
1 

incorrect 
4 

natch 

score 

tise 

which 

vrongctr 



log 

crleo 

fflen 

listlen 

assessnent 

logfd 

loglen 

loop 

IrbiC] 

aeet_accur 

set 

log 

urbl[] 



clog 

/* length of # of elements in 

/« length of list that holds len# 

/* total # of eleaents in an 



of 



/• log file descriptor •/ 

/• length of log structure •/ 

/• loop number 1-4 •/ 

/* letters held by lower row boxes */ 

acjr 

/* training set asmt , f f t or i id, ch */ 
slog 

/* letters held by upper row boxes */ 



buffer for prompt line 
flag parameter for box selection 
index for element within group 
counter for number of misses 
index for number of rehearsals 
flag indicating match 
accuracy score 

pause time to select a box or letter 
letter selected 

iteration counter for training loop 
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FOIICTION DE3CBZPTZ0M 



Name : 



I 
I 
I 
I 
I 
I 

I 



Synopsis: 



fflp3(l 

X /* leval of assessment training */ 



Description; ^^^^ ^^^^^^ ^^^p ,3 



TlBIABLES: 



See Next Page 



Returns : 



Functions called: 



_exit, act_box, act_rltr, chkaoou, oursoff, 
decide_patn, dissolvebox, freewrd, getch, inlt, 
ioctlsa, loadwrd, loboxes, Iseek, nus, outlinebox, 
prln, prlntf, questlo, ready, r8trtwin» set^bllnk» 
setaem, show_ltr, show_row, sprlntf, stop_.bllnk, wait, 
wipe, write 



ERIC 
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PUHCTION SBSCBIPTIOa 



Hamet 



JPFLF3^ C 



Deacrlptlon: 



f ABIABLBS: 



I 



ERIC 



Global : 

struct 
struct 
Int 

struct 
int 

int 

int 

char 

obar 

int 

int 
struct 
char 
Local : 

buf[] 
first 
i 

incorrect 
j 

natch 

score 

tine 

which 

trrongctr 



assessaent.r ca, 
log clog 

crlen /• length of # of elements in 
student os 

listlen /* total # of eleaents in an 
assessment 

loglen /* length of log structure */ 

loop /• loop number 1-4 •/ 

lrbl[] /» letters held by lower row boxes •/ 

ItrCj /* letters to appear below lower row 

Be et_ac curacy 

set /« training set asmt , ff , cr , id, oh */ 

log elog 

urbl[3 /• letters held by upper row boxes •/ 

buffer for prompt line 
flag parameter for box selection 
index for element within group 
counter for number of misses 
index for number of rehearsals 
flag indicating match 
accuracy score 

pause time to select a box or letter 
letter selected 

iteration counter for training loop 
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F08CTI0H DESCRIPTIOM 



r 
1 



PPLP4.C 



Syaopals: „ip4(x 

1 level of asseesaeiit training 



Description; ^4^4 am 

fast f iaisn loop #4 



VABZABLES; 



1 
1 

I 



See Hext Page 



Heturns: 



unc ons called: act_box, act„rltr, cbkaccu, cursoff, decide^patn, 

dlssolTebox, freewrd, getcht inltf lootlsa, Xoadwrd, 
loboxes, laeek, mus, outlinebox, prln, prlntf, 
question, ready, rstrtwln, setmem, sbow^ltr, abow.row, 
sprlntf, wipe, write 
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FOICTIOM DESCKIPTIOV 



Naoe : 



Descrl ption : 



VARIABLES: 



Global: 

struct 
struct 
lot 

struct 

Int 

lot 

Int 

int 

int 

char 

char 

int 

int 

int 

struct 
char 
Local : 

bufCl 
c 

first 
i 

12 

incorrect 

j 
k 

match 
score 
time 
which 



assessment 

log 

crlen 

student 

dfd 

listlen 

assessment 

logfd 

loglen 

loop 

lrbl[] 

ltr[3 

meet^acour 
set 

setotr 
log 
urblC] 



— r oa, 
clog 

/* length of # of elements in 
cs 

/• data file descriptor •/ 
/* total # of elements in an 

/• log file descriptor •/ 

/* length of log structure •/ 

/• loop number 1-4 •/ 

/• letters held by lower row boxes »/ 

/* letters to appear below lower row 

aoy 

/* training set asatyff ,cr,id| oh */ 
/• count of failures for set •/ 
slog 

/• letters held by upper row boxes •/ 



buffer for prompt line 
receive menu selection 
flag paramete for box selection 
index for ooouranoe within group 
index for recall list 
counter for number of misses 
index for number of rehearsals 
index for letter within group 
flag indicating match 
accuracy score 

pause time to select a box or letter 
letter selected 



ERIC 
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f 

f 



ga«e( ) 

indev 

level 

tlae 

xsoale 

ysoale 



lapttt devloe 

sue difflonlty level 

tiaie Halt 

borisoBtal soaling factor 
vertioal soaling factor 



TABIABLES: 



Static: 

struct startypa stara[] 
Local: 

ANSI ans 
fd 

hltbufi;] 
1 

QUS 

nuBa[][3 
roobuf [ ] 
shipbuf [ j 
shipont 
shlpspd 

X 

y 



I game2, gamelnit, wait 

L 



ERIC 
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FOMCTIOa DSSCBIFTZOM 



1 Name : 


OAMRIHTB.C 




1 Synopsis : 


gaaeintrC ) 




Description: introduction 


" ■ ■ ' " ■ " — ■ ■■■■ — 

and priser for gaae 


VARIABLES: 




Statics 






bx[] 


plC] 




byU 


vxC3 






▼yC3 




gyCl ] 


working£] 




nuBsC ] 






oxCJ 






oy[] 




Local: 






ANSI 


ans 




base 


pointer to rocket base sbape 




ont 


randoa number for ship Bovenent 




curs 


pointer to cursor sbape 




i 






nun 


pointer to array of ASCII digits 




objlng 


object length box vocabulary 




rbase 


rocket base shape 




rcurs 


cursor shape 




X 


horizontal character position 




y 


vertical line position 


Returns: 


Functions 


called: 

ansiscr $ 


dravnufflt freevrd, plt^ pltchr, sbipmov, speak^ 




valt, wblstle 

• 

• 



ERIC 
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1 

p 



roacTzoN dbscixptzoi 



Name : 



Synopaia: i^ip^d, 

1 /* level of asBessaent traiaiag */ 



Deecrlptloa: interpolated loop #1 



VABIABLESs 



f 



See Hext Page 



Returns: 



Functions called 



I 



act_box, aot_rltr, cbkaocu, oursof, deoide^patn, 
dlssolvebox, freevrd, getcb, inlt, llstlen, loadwrd» 
loboxes, Iseek, bu8» outllnebox, prin, prlntf, 
Qvestion, ready, rstrtwln, set_box_olr» setseo* 
8bow_Itr» sbov^row, vaitf wipe, write 



ERIC 
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P0ICT20N DSSCRIPTXO* 



Nane : 



IDLP1 -C 



Description: 



TABIABLBS: 



Global: 

struct 
struct 
int 

struct 

int 

int 

int 

int 

char 

cbar 

int 

int 

struct 
cbar 
Locals 

first 
i 

incorrect 

match 

score 

tenpE ] 

tine 

vbicb 

wrongctr 



assessaent 

log 
orlen 

student 

dfd 

logfd 

loglen 

loop 

IrblC] 

ltr[] 

neet^accur 
set 
log 
urbiC ] 



clog 

/* length of 



# of elements in 



•/ 



OS 

/• 
/• 
/• 
/• 
/» 

/* letters to appear below lower row 
aoy 

/• training set asmt, f f , or « id « oh */ 
slog 

/* letters held by upper row boxes */ 



data file 
log file 
length of 
loop number 1-4 
letters held by 



I'esoriptor •/ 
descriptor •/ 
log structure 
•/ 

lower row 



boxes */ 



flag parameter for box selection 

general purpose index 

counter for number of misses 

flag indicating match 

score accuracy 

buffer for rehearsal line 

pause time to select box or letter 

letter selected 

iteration counter for training loop 
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FOHCTZOM OSSCIXPTIOV 



synopsis: idip2(i) 

I /* level of aaeeaaaent tralnioft */ 



DeacrlptlQo: mterpolated loop #2 
TABIABLSS: 



See Next Page 



Returns: 



Functions called: 



act_.box, act^rltr, cbkaccu^ cursoff, daoide.patn, 
dissolvebox, freewrd, getcb, Inlt, ioctlsa, loadwrd, 
loboxes, Iseek, »us, outllnebox, prin, prlntf, 
question, ready, ratrtwin, setoera, ahow^ltr, 8bow_ltr, 
3how_row, wait, wipe, write 
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FOICTXOa DESCBXPTIOH 



Name : 



De3cri ption : 



YABIABLESi 



Global : 

struct 
struct 
Int 

struct 

int 

int 

int 

int 

int 

char 

char 

int 

int 

struct 
obar 
Local : 

first 
i 

incorrect 

J 
k 

ma t 

sec; , 

tempL ] 
tine 
which 
wrongctr 



assessment 

log 

crlen 

student 

dfd 

listlen 

assessment 

logfd 

loglen 

loop 

Irbin 

ItrC] 

meet^accur 

set 

log 

urblC] 



-.r ca, 
clog 

/* length of # of elements in 

OS 

/» data file descriptor •/ 
/* total # of elements in an 



/• 
/• 

/• 
/• 
/» 

acy 

/* training set asmt, f f , cr , id| cb */ 
slog 

/t letters held by upper row boxes */ 



log file descriptor •/ 
length of log structure */ 
loop number 1-4 */ 
letters held by lover row boxes */ 
letters to appear fc.>low lower row 



flag parameter for box selection 

general purpose index 

counter for number of misses 

index for number of rehearsals 

index for letter within group 

flag indicating match 

score accuracy 

buffer for rehearsal line 

pause time to select box or letter 

letter selected 

iteration counter for training loop 
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POXCTXOI PKSCII?TI01I 



Synopsis: i^ipjd) 

1 /* leval of assessMeat training */ 



Deacrlptlon: int«rpoplated loop #3 
TABIABLBSs 



See Hext Page 



Returns: 



Functions called: act^box, act^rltr, cbkaccu, curaoff, deoide_patn, 

dlssolvebox, freewrd, getcb, lnlt» lootlsa, loadwrd, 
lobozes, Iseek, mus, outllnebox, prln, pplntf, 
Question, reader rstrtvlQ, setaeB, ahov^ltri ahow^row, 
valt, wipe, write 



29 454 



I 

I Naae : 



FDICTIOa DESCIIPTXOH 



Description: 
TABIABLES: 



] 



Global: 

atruct 
struct 
int 

struct 

int 

Int 

int 

int 

int 

char 

char 

int 

int 

atruct 
obar 
Locals 

delaysec 

first 

i 

incorrect 

J 
k 

natch 

score 

teopC ] 

tise 

which 

wrongctr 



assessaent_r ca, 
log clog 

crlen /* length of # of elements in 
student cs 

dfd /• data file descriptor »/ 

listlen /* total # of elements in an 
assessaent 

logfd /• log file descriptor •/ 

loglen /* length of log structure */ 

loop /• loop nuBber 1-4 •/ 

IrblC] /• letters held by lower row boxes •/ 

ltr[] /* letters to appear below lower row 

neet_.accuracjr 

set /* training set asat , f f , cr , id, uh */ 

log slog 

urbl[] /• letters held by upper row boxes •/ 

seconds to delay error recall 

flag paraaeter for box selection 

general purpose index 

counter for suaber of aisses 

index for nuaber of rehearsals 

index for letter within group 

flag indicating natch 

score accuracy 

buffer for rehearsal line 

pause tise to select box or letter 

letter selected 

iteration counter for trainlfng loop 
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FOICTXOV OBSCKXPTIOV 



Synopsis: ^^xpH(X) 

X /• of assassMent training */ 



Description: mtorpolated loop #4 
YABIABLBS: 



See next Page 



Returns: 



• 



Functions called: act^box, act_rltr, ohkaccu, cursoff, deolde^patn, 

dlssolvebox, freewrd, getch, Inlt, lootlsa, loadvrd, 
loboxes, Iseeky mus, outllnebox, prln, prlntf, 
question, ready, rstrtwln, setoen, show^ltr, 8bov_row, 
valt, wipe, write 



r 

P 



FOaCTIOS DESCSIPTIOR 



Naiie : 



Description; 



VABIABLBS: 



L 



ERIC 



Global : 

struct 
int 

struct 
int 

int 

int 

int 

int 

char 

int 

int 

struct 
char 
Local: 

0 

first 
i 

incorrect 

4 
k 

satoh 

Biasing 

score 

tiKO 

which 
vrongctr 



assessfflent^r oa» 

crlen /• length of # of elements in 
student OS 

itrctr /* count of correct iterations for 
set 

listlen /* total # of elements in an 
assessaent 

logfd /• log file descriptor •/ 

loglen /• length of log structure •/ 

loop /• loop nuaber ^-H •/ 

lrbl[] /* letters held by lower row boxes */ 

aeet_ao curacy 

set /* training set asat, ff ,or, id, ch */ 

log slog 

urblC] /* letters held by upper row boxes */ 

receive aenu selection 
flag parameter for box selection 
general purpose index 
counter for nuaber of aisses 
index for nuaber of rehearsals 
index for letter within group 
flag indicating aatoh ^ 
flag to indicate disk is aissing 
score accuracy 

pause tiae to select box or letter 
lettc«r selected 

iteration counter for training loop 
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rOMCTIOV 0SSCBIPTIOK 



Kane : 



Synopsis : 



X /* lovel of asseasaent training */ 



Description: 



TABIABLBS: 



faailiarise the user witb Joy Stick 



Global : 

obar 

Local : 

tiae 
which 



ItrCJ 



/* letters to appear below lower row 



pause tiae to select a box or letter 
letter selected 



Returns: 



L 



Functions called. act__rltr, cursoff* Jystk, loboxes, prln, rstrtwin, 

set^blinkf sbow^ltr, sbow^rowi stop^bXink, wait, wipe 
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1 FOICTXOI DBSCBIFTIOH | 




{synopsis: L2L(1) 






I I /• 


level of aaseasMont trainins */ 




iDosorlptlon: faBiliarize user with Xightpen 




I VARIABLES: 






j Global : 






1 obar 


ltr[] /• letters to 


appear below lower row j 


I Loeal : 






1 tine 


pause tise to select a 


box or letter j 


1 vbich 


letter selected 




iHeturns: | 


{Functions called: 


act^rltr, loboxes» Itpen, prln, 


rstrtwint set_bllnk, | 




8hov_ltrf sbow^roVf stop__bIlnk« 


wait, wipe 1 

» 1 



4^9 



I 

9 

] 
] 
] 
3 
3 



FOVCTZOV SSSCIZFTZOV 



Naoe : 



Synopsis: 



L3A() 



Desorlptioa: 



VARXABLSS: 

Global: 
int 
let 
Int 

Looals 

ANSI 
o 



letter display primer 



orlen /* length of # of elenents In 

fflen /* length of list that holds len# of 

listlen /* total # of eleaents in an 
assessment 

ans 

escape obaraoter 



Returns: 



Functions called 



I 



ERIC 



actandshow, getchar, initnum, iootlsa, loadwrd, 
loboxes, prin, printf, putchar, ready, rstrtvin, 
8et_blink, set_box-_clr, show_ltr, stop^blink, wait, 
wipe 
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FORCTION DSSCBIPTIOI 



Maae : 



Synopsis: i^^^^y 



Description: 



VARIABLES: 



recall priner demonstration 



Global : 

lot 

int 
Looal: 

struct 
c 



crlen /• length of # of elements in 

fflen /• length of list that holds len# of 

ansistr ans 
escape character 



Returns: 



Functions called: 



ansisor, clr_ltr, initnun, iootlsa, loboxes, 

ncvandshow, outlinandshow , prin, question, rstrtwin, 

rule, set^blink, show_ltr, stop_blink, truck, wait, 
wipe, 



erJc 
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461 



f 



p 



FOHCTIOH DBSCBIPTIOV 



Name : 



Synopsis : 



L3C() 



Description: 



VABIABLES: 



recall priaer and exercise 



r 



Local s 

tine 
which 



pause tioe to select a box or letter 
letter selected 



Beturns: 



Functions called: 



I 



ERIC 



act_rbox, cursoff, loboxes, prin, rstrtwln, rule, 
set_blink, stop^bllnk, wait, wipe 



1 

1 


FOHCTXOX DSSCRIPTIOR 




tNane: , « 1 

i xaiujc j 


{synopsis: ^^^^^ j 


{Description; 

j letter display and recall exercise 




! TABIABLSS: 






Global: 






1 int 


crlen /* lengtb of # of eleaents in 




int 


fflen /• length of list that holds len# of \ 


1 int 


listlen /* total # of elesents in an 
assessaent 




1 int 


loop /• loop nuaber 1-4 •/ 




] obar 


lrbl[] /* letters held by lower row boxes 


•/{ 


{ int 


set /* training set asat , f f , cr , id , oh */ 




1 obar 


urblCO] /• letters held by upper row boxes 


•/{ 


1 Loeal: 






1 ^ 


index for box position 




1 match 


flag indicating aatcb 




1 n 

1 struct 


ansistr ans 




f time 


pause tiae to select a box or letter 




1 vbich 


letter selected 




1 wbichone 


index for box tor recall 




{Returns: I 


iPunctions called: 


act_box, act_rltr, ansiscr, clr_ltr, dissolvebox, 






initnuBy loboxes, outlinebox, prin, putchar, question 


f j 




ready, rstrtwin, set_blink, set_box_clr, show_ltr. 






show_row, stop_blink, wait, wipe 

« 






4f;3 
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FONCTIOM DESCRIPTI08 



Nane : 



synopsis: ^SeO 



Description: 



TARIABLES: 



assessment exercise 



Global: 



int 


clvl 


/• 


current level •/ 


mt 


crlen 


/• 


length of # of elements in 


lot 


df d 


/• 


data file descriptor •/ 


Int 


f f len 


/• 


length of list tbat holds 


int 


Xistlen 


/• 


total # of elements in an 




assessment 




int 


loop 


/• 


loop number 1-^ •/ 


cbar 


lrbl[3 


/• 


letters held by lower row 


int 


set 


/• 


training set asmt, ff, or, 


cbar 


urblC] 


/• 


letters held by upper row 


• 

0 


receive 


menu 


selection 


f 


index 




t 


1 


index for element within group 


J 


index for number of rehearsals 


aiatcb 


flag indicating match 


missing 


flag to 


indicate disk is missing 


time 


pause time 




wbicb 


letter 


selected 



I •i 

ch 



Returns: 



ERIC 



Functions called 



act„box, act_rltr, dissolvebox, getcb, Initnum, 
loboxes, Iseek, outlinebox, prin, printf, question, 
ready, rstrtwln, rule, set_bllnk, show_ltr, sbow_row, 
stop_bllnk, wait, wipe, write 
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FOMCTION DBSCIIPTIOX 



Nane : 



Synopsis : 



iTllC) 



Description: 



brief Introduction 



Returns ; 



Functions called 



] 



ERIC 



frecwrd, hello, loadwrd, prin, rstrtwin, wait , wipe 



4H5 
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FORCTIOR DBSCRIPTZOIf 



Name : 



Synopsis : 



■enuC ) 



Description: 



VARIABLES: 



Main aenu for CTT program 



Global: 

struct 
Looal: 

0 



student cs 



oenu selection 



Returns: 



Functions called: 



] 



ERIC 



oursdaPf ge tchy lootlsa, printf , put char 9 warning ^ 
window 



s . 



p 



FOMCTION DESCBIPTIOS 



Nase : 



OPSCHMI^.C 



Synopsis : 



opaorn13( } 



Description; 



VARIABLES: 



nanlpulate soreenIS 



Local: 
o 

flag 



menu selection 

flag indicating a successful student record 
creation 



1 
J 
1 
1 
1 

1 



ERIC 



Returns 



- unctions call ed : 



get_data, getch, loctlsa, opscrn30, printf, putchar, 
revlewi revlist 
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FUHCTION DESCIZPTXOH 



Naae : 



Synopsis: p^^^^O 



Oesoription 



VARIABLES: 



prepare for assessment and training 



See Next Page 



Returns: 



Functions called 



access, cursdsp, found, getch, init_stik, initpen, 
ioctlsa, Iseek, prlntf, read, rstrtwin, selstrt, 
selstrtp, window 



ERIC 
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FQICTIOM OKSCJIIPTXOI 



liaae : 



Description: 



f ABZABLES: 



Global i 

Int 

mt 

obar 
int 

struct 

strnct 

struct 

int 

int 

obar 

int 

int 
int 
int 
int 
int 
int 

struct 
Local: 

0 

Biasing 



SCREEN 
VOICE 

buf date[7 
cXvl 

personal^ 
personal.: 
student 
currs 
dfd 
indev 
itrotr 
set 

loglen 
loop 
saxtiae 
prep 
set 

setctr 
log 



] /• buffer to get date •/ 
/• ourrent level »/ 
r op 
r •cpr 
•osp 

/• current student record # */ 
/* data file descriptor */ 
/* llghtpen or Joystick */ 
/* count of oorreot Iterations 



for 



/* length of log structure */ 
/• loop number 1-4 •/ 
/• voioe or text output •/ 
.^flag to Indicate pre-post assessment 
/• training set asmt , f f , or , Id, oh */ 
/• count of failures for set •/ 
slog 



response to prompts 

flag to indicate correct disk is missing 



4Bn 



FONCTXOII DSSCRIPTIOI 



N aae : 
Synopsis: 



prepg«( ) 

nstttd ntmber of students 

«fd student file data pointer 



Description: 



Say hello and open files before program 



TABIABLES: 

Global : 
int 
Int 
int 

Local: 

ans 
buf 
omnd 
i 

suf ix 



dfd 
sf d 
logf d 



/• data file descriptor •/ 
/* student file descriptor */ 
/• log file descriptor •/ 



coonand line buffer 
command line buffer 
index for box position 
suflx to log name 



Returns: 



Functions called: 



access, ansiscr, close, creat, cursdsp, getcb, iootlsSj 
open, printf, read, sprintf, system 
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j FONCTZON DESCBZPTXOll 

« 



Sy nopal 3; t„date() 



Descriptions xo read today's date froa keyboard 



VARIABLES: 



Global: 
0 
1 

ok 

Static: 

BSg 



1 

] 
] 
J 
1 
1 

1 



Returns: 



Functions called: 



cursdsp, getch, loctlsa, printf, putchar 



471 
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FONCTION DSSCRIPTIOM 



Naoe : 



Synopsis: transd) 

1 /* Xev«l of assessaent training */ 



Dosoriptlon: this procedure decides if the user can go to next level 



?AIIABLSS: 



Global : 
int 
Int 

Looal s 
i 



crlen /* length of # of elements in 

listlen /• total # of elements In an 
assessaent 

general purpose index 



Returns : 



Functions called: decide_patn, freewrd, ioctlsa, loadwrd, loboxes, prin, 

set_box„clr, wait, wipe 
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FDHCTIOI DESCIXPTIOI 



Naae : 



YlgWPATA.C 



Synopsis: vlewdataO 



Description: 



TASIABLES: 



This routine Yiews a student *8 assessaent performance 
analysis 



Global: 

struct 
Local: 

0 

struct databuf 



student cs 
nenu response 

▼d parameter for riewdata 



Returns: 



Functions called: 



L 



getchf graphs^ printfi shrink^ table, vaenui wipe 
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FQIICTION DBSCRXPTIOB 



Synopsis: acta»dshoir(ii,¥hioh) 

Int n BttBber of boxes 

Int vbioh vhlob box 



Description: Accept a box selection and display a letter 



TARIABLSS: 



Local: 

int time 



Returns : 



Functions called: 



act_box, sbow_ltr, stop^blink 




FUNCTION DESCRIPTION 



Kane : 



ACTI.TN-C 



Synopsis 



aot_Fboz( n, o, k, f ) 

char o /* indioates row 'h' or 'I**/ 
int f flag indloatlng first tl«e 
Int *k /* nasber of selected box*/ 
lot n /* atuiber of boxes */ 



Description; 



This function selects one of boxes, setting k to the 

nunber of the selected box, and returning the time in 
inorements of 50 msec if it is less than 30 sec else it 
returns -1 . •/ 



TABIABLES: 



Global : 

stikss 
Local: 

int c 
int X 
int y 



pause time 

horizontal character position 
vertical line position 



-5 

ERIC 



Returns : 



re turn( t ) 



Functions called: 



ansiscr, ligfatpen, stik 
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1 
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1 
J 
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FUHCTIOH DESCBIPTIOH 



Naao : 



ACTLTB.C 



Synopaia; aot_pltr(ii,k, f ) 

iat *k pointer to nuaber of seleoted box 
Int f flag indloating first tine 
int B nimber of boxes 



Description: 



] 

I 

1 
] 
1 
] 
1 
I 

1 
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This function selects a obaraoter front *n' characters, sets 
kspostion of selected letter and returns time in increments 
of 50 msec if less than 30 sec else returns -1./ 



TAIIABLSS: 



Global: 

stikss 

Local s 

int o 
int X 
int y 



pause time 

horizontal character position 
vertical line position 



Beturns: 



return( c) 



Functions called: 



anslscr, lightpen, stik 



51 
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FUHCTIOH DESCBZPTIOI 



• CBKACCP.C 



Synopsis; qhkaoou(logp) 



8e« lext Pase 

1 J - 



Description: according to current level decides corresponing circular 

recall accuracy and omega squared requirements 

VARIABLES; 



Looal : 

int pass flag indicating a passing score 



I 

] 
J 
1 
1 
1 

] i ux 
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Returns : 



return( pass) 



Functions called: 



FONCTION OESCRIPTIOM 



Name : 



CHKACCP- p 



Synopsis; 



ohkaooudogp) 

atruot log *logp pointer to log data 
type<tef strnct log ( 

struot studont »td /* student Identlf leatlon data 

int date /* asseseaent date; nsddjr 

Int set /* training set a8Bt,ff , or,ld, oh 

Int loop /* loop noaber 1-4 

Int Itr /* Iteration nvaber 

struct trial ' trl /* data for recall trial 

float onega2or /• onega squared for cusulatlTe rehersal 

float OB^gaZf /* onega squared represented as a float 

Int orscore /• # right for ouaulatlve rehersal 

int ffscore /• # right for fast finish 



Returns : 



Functions called: 



] 



AIR 



FUNCTION DBSCBIPTION 



Name ; 



CLHLTS.C 



Synopsis : 



olr_ltr(pos,]iaB, which, ohr»forgrod, baokgrnd) 



char ohr 
ohar poa 
Int baokgrnd 
int forgrod 
iat nua 
lot vbiofa 



letter to display 
high or low row 
background color 
foreground color 
noaber of letters 

box in which letter ia to be displayed 



Description: 



TABIABLES: 



color letter paints a char any color and returns to blk/wht 



1 

f 



Local: 

ANSI ans 
mt X 
int y 



parameters for screen display 
horizontal character position 
vertical line position 



Ke turns: 



] 



Functions called: 



ansiscr, putcbar 



47H 
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f 

I 
I 
I 

I 
I 

1 



FOaCTIOH OBSCBIPTION 



Synopsis: onrsoffO 



Description: 
TABIABLES: 



LOCAL: 



ANSI ans 



Returns: 



parameters for screen display 



Functions called: 



anslscr, putcbar 



L ' 
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FUHCTIOH DESCRIPTIOH 



Name ; 



PBLSTD^ 



Synopsis : 



del^stdCnaae) 

ebar 'naae pointer for naae of student to delete 



Description ; 



1 
I 

j 



Deletes all identifying and assessment information for a 
selected student 



V.ARIABLES: 



1 
] 
I 
i 
i 
i 
1 

] 



ERIC 



Global : 

struct student 
int currd 
Int currs 
Int nstud 
int sfd 
Local: 

int n 



bufcsp pointer to current student record 

current data record # 

current student record # 

# of students 

student file descriptor 

general purpose index 



Returns: 



re turnC -1 ) not found 

re turn( currs) current student number 



Functions called: 



found f Iseek, read , write 



4Si 

S6 



FONCTION DESCRIPTION 



Name : 



Synopsis : 

freeirrdC } 



Descri ptlon : 

Free up memory used by vocabulary 



] 
] 

1 

J 



Returns ; 



Functions called: 

free , ge tch, printf 
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FaNCTION PESCRIPTIOR 



Name : 



Syropsis: 



I 
] 
i 
I 



i 

3 

1 
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ovBaln(daiuiy,leTely ahipbuf fhitbuf y rocbuf y nas, tlae, star, xsoale»ya 
ale, indev , shipapd , sbipont } 
struct startypa ( 

Int color; 

Int Xfy; 

int ox, oy »dx,dy,Bx,ay ; 

int on; 

int cnt, tiaeon, tineoff ; 

} 

otaar hitbuf[] 
char indCY 
obar roobuf C J 
cbar sbipbuf[3 
int level 
int oaa 
int shipent 
int sbipspd 
int ti»e 
int xacale 
int yaoalo 

struct startype star[] 



Returns : 



Functions called: 



anslscr, blnkstar, drawnunif drawstr, erasenum, intvls> 
loadrocket, movrocket, pltchr, renew, shipmov, starhit 
stick, update 
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I 



i 


FDMCTIOM OSSCRZPTXOI I 


iHame: 






1 GAMR2 . C 




1 


iDescrlptlon: 




1 


|. Do you 


want to play a 


1 

gaae? | 

} 


1 f ABIABLBS; 




I 
I 


1 Static; 




I 


1 char 


•curspt 


I 


1 obar 


CURS 


t 


1 char 


nuBsC ] 


j 


1 char 


sooresC ] 


1 


1 char 


teapchar 


j 


1 obar 


tlfflCsC ] 




1 Int 


jx 




1 mt 


Jy 




1 Int 


maxtlffic 




1 Int 


pba 




j Locals 






1 ans 'f 


anslsor 


parameters for screen display | 


1 char 


*base 


pointer to base shape | 


1 char 


•strp 


pointer to star shape i 


1 char 


rbase base shape j 


1 char 


strl start shape i 


1 Int 


curtlse 


remaining time j 


1 int 


oldsorre 




1 int 


scor'- 




I int 


shlpiilt 


flag indicating that a ship has been | 




bit 




1 int 


alloff 


flag indicating all stars are off . 


1 int 


first 


first time flag for Joystick ■ 


1 int 


1 


general purpose index t 


1 int 




general purpose index | 


1 int 


renewed 


flag indicating stars have been | 




renewed 




1 Int 


rxl 


rocket left most character position | 


1 Int 


rx2 


rocket right most character position | 


1 Int 


ryl 


rocket top most line position | 


1 Int 


ry2 


rocket bottom most line position | 


{ Int 


t1 


receives intrvXs return to compute | 




time 




1 Int 


t2 


receives intrvls return to compute | 




time 




! Int 


tim 


general purpose iteration counter i 


Int 


X 


horizontal character position i 


1 int 


y 


vertical line position | 






4kM . - f 
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FONCTION DESCRIFTIOX 



Naoe : 



GAMBIglT.C 



Synopsis : 



ovaainC dUMjr, level , star , eblpspd, sbipont ) 
struct startype 

int color; 

int x,7i 

lot C3E, oy vdXfdy vBXfBjr; 
Int on; 

int ont, tlneon, tlseoff ; 
int *8hlpsp(i 
Int level 

atruot atartype *8tar 



DescriptloEf¥»»*Soe« -anipont 

Initialize game parameters 

VARIABLES: 

Static: 

int mult 
int table[] 
int tablen 
static char ncolor[] 
int mxll 
int myC3 



1 
I 
I 
] 
] 
] 
1 

] 



Static 
static 
Local: 

double 

int 

int 

int 

int 

int 

int 

int 

int 

struct 



d random number 

dxi] horizontal distance moved 

dy[j vertical distance moved 

i general purpose index 

J general purpose index 

stopm 

stops 

timeoff time period star is off 
timeon time period star is on 
startype •starp 



Returns: 



Functions called: 



4S5 
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] 



FUNCTION DSSCBIPTION 



Name : 

OfiAPHS.C 



synopsis: ov«aln( graphs) 



Description: 

This routine graphs pause tlaes 



VARIABLES: 



f 

] 
I 
1 
i 
1 
] 

] 



ERIC 



See Next Page 



Returns: 



Functions called: , , 

acgraph, loctlsa, keyln, printf, ptgraph, window 
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FORCTION DESCRIPXXOR 



Name 



G SAPHS.C 



Description : 



TA8IABLES: 



1 



Static: 

struct trlvals 

struct 

Int 

) 

struct napdats 

Int 

int 

char 

char 

} 

typedef struct 

char 

char 

} 

char 
struct 
char 
char 
char 
char 
char 
char 
struct 
struct 
Local : 

char c 



trial "trip 
*vaXsp 



val ue 

•valsp 

mrk 

•linep 

Ivldscs { 
•title 
levelc 

asmtdso[ ] 

Ivldscs dsclvlaC] 

baselnC ] 

•beadi 

•head2 

•head3 

*heada 

*headb 

assessaent^r •bufcar 
assessment._r - buf ca 

prompt rejsponse 



ERIC 
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FUNCTION DESCRIPTIOM 



Naae : 



TUTTTAT.,.'^ 



Synopsis : 



Init(lTl) 

int iTl leTel 1 . .6 



{Description: 



VARIABLES: 

Global : 

obar 
char 
char 

mt 

int 

mt 



] 
1 
1 
1 
] 

J 



initializes list of letters 



IrblC] 

ltr[] 

urbl[ j 

crlen 

fflen 

listXen 

assessment 



letters held by lower row boxes 
letters to appear below lower row 
letters held by upper row boxes 
length of # of elements in 
length of list that holds len# of 
total # of elements in an 



Local : 

struct rselC 

char 

char 

char 

) 

char c 
int j 
int k 

struct rsel pass 



flag|< — flags'1* for selection- »2 » for shuffle 
letter; < — letters selected char, 
•xclset; excluded set of characters 

receives next letter 
general purpose integer 
general purpose index 
parameters for randsel 



Returns: - 


Functlona called: 


ran, randsel 


4S8 
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1 

1 
I 
I 
1 

1 

) 

1 
I 
I 
I 
I 
I 



I 



t FONCTIOH OBSCBIFTXOI t 


1 Nane : | 
1 IfillSTK.C 1 


{Synopsis: , ^ 

j inlt_stlk(} 

1 

{ 
1 
1 
1 
f 


• t 
• t 

{ 
1 
j 
1 


iDescrlption: 

1 Initializes 

i 


1 

Joystick 1 

1 


VARIABLES: 




1 Global: 




I mt 


pba 1 


1 int 


xscale 1 




ysoale | 


1 Local: 




1 char 0 


receive character | 


1 double d 


random number j 


1 int X 


horizontal character position | 


1 int y 


vertical line position | 


{Returns: i 


{Functions called; 
1 ioctlsa 

Ij 


t Joypos, printf, ran | 

4b9 ■ 1 
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FUNCTION DBSCRIPTIOM 



Kane : 



Synopsis : 



^ 



Description; 



Initializes pseudo random number table based on current 
clock reading 



VABIABLES: 



] 

] 
3 



ERIC 



Global: 

int 
int 
Int 
Local : 

char o 
double 
int i 



pba 

xscale 
yscale 

block character 
random number 

receives intvls for calculating elapsed time 



Returns : 



Functions called: 



Intvls, ioctlsa, ran 
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FOMCTIOM OESCBIPTIOV 



Nane : 



Synopsis : 



JystkO 



Description : 

?AfiIA3LES: 

Static: 



Displays a picture of a joystick 



char 


•icon[ ] 


char 


clnrwC ] £ 3 


• 

ANSI ans 


parameters for screen display 


double rand 


randOB nusber 


int cla 


current column 


int ClBlBlt 


nuaber of columns 


mt i 


receives intvls for calculating elapsed time 


lot row 


current row 


int rowlmt 


number of rows 


int startx 


start column 


int x1 




int xadj 


column width 


int y1 




struct 


grphcss grphcsl 



Returns : 



Functions called: 



anslscr y curedsp, pi tlcon, wait 



4.')1 
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FUNCTION DESCRIPTION 



Naae : 



KEKPQOINQ.C 



Synopsis : 



keepgoliig( t) 

t flag indicates if it is after training seo 



Description; 



TARXABLES; 



function tbat asks if user wants to continue 



Global: 

int 

Int 

int 

int 
Looal: 

0 

o1 

missing 



loop loop number 1-4 

mee t_accuracy 

set training set asmt , f f i cr t id| cb 

train 

prompt response 
prompt response 

flag indicating correct disk is missing 



Returns : 



Functions called: 



access, getch, ioctlsa, printf, rstrtwin 



I 



r 



FOMCTION DSSCBIPTIOM 



Maae : 

____ LQAPIfBP.C 



Synopsis J 

loadwrd ( strlngp) 

ohar *strinsp pointer to yoaobulary 



Description: 

Loads vocabulary of words 



TAfiXABLES: 

Static: 

Int lodadr 

int objadr 
Local: 

char IdlnfoC] header InforDation 



int fd file description number 

int n bytes read 

unsigned objlng length of object for vocabulary 



Returns : 



Functions called: , ^« 

close, getcbi Dalloc, open, printf, read 



Id 

L 
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FOSCTION DESCRIPTIOM 



Name : 



LQBOZBS-C 



Synopsis: lobozes(p,ii, first, last) 

ohar Pi row position (higit or low) 
Int first first box to drav 
Int last last box to draw 
int n nimber of boxes 



Description: 



TABIABLES: 



Draws display and selection boxes 



Local: 

int 1 
int X 
int y 



index for box position 
horizontal box position 
vertioal line position 



Returns: 



Functions called: lobox 



I* 

L 
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] 

p. 

J 
1 
] 
1 

] 
] 

I 
1 
i 
I 
I 
I 
1 

I 



rOVCTIOH DSSCBIPTIOH 



Synopsis; BOYandalioif( n, which, ohr) 
ohar *ohr 

lot n naaber of boxes 
int which box ntiMber to oolor 



De joription: 



Color box selected, show a letter and return box to previous 
oolor 



Returns: 



Functions called; set_box_olr, show^ltr, wait 



ERIC 
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FONCTION DESCRIPTIOJI 



! Name : 



OPSCRM^O-C 



Synopsis 



op8orn30( ) 



manipulate screen 30 to locate a student 



Description : 
YABIABLES: 



f 



student 
student 
currs 
sfd 



CXobal : 

struct 

struct 

Int 

int 
Statics 

static char *blank 
Local : 

char o prompt response 

Int flag indicate student selected 



cs 

•csp 

current student record # 
student file descriptor 



Returns: 



Functions called: 



cutsp, find^name, get^data, loctlsa, keyin, Iseek, 
aodify, prlntf, read, review, sbowname 



"5 
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J 



] 
] 

i 
i 
] 



I 



1 FOVCTIOM OSSCBIFTIOV | 


{»»««^ una^ { 


{Synopsis: | 


{Description: piays 


song and displays scale as a reward * 


1 TARIABLSSs 




• Static: 




} char 


*songpCj pointers to filenaoe j 


j char 


notemsg[] note shpae j 


j char 


readonlyH read only attribute j 


I int char 


songfilCJCj set of file nanes j 


int 


count number of bytes in song file j 


int 


loaded flag indicating scale has bee drawn j 


int 


X horizontal box position j 


1 struct 


display dsply[] displayed notes [ 


] struct 


filenote *fnote pointer to note description j 


{Returns: I 


{Functions called: 


cursdsp, mode, palette, sheet, song, wait j 



id 
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FOHCTION DESCBXPTIOll 



Name : 



Synopsis: outllnandahoirdi, which) 

lot n Busber of boxes 

int which box nusber to outline 



Description: Display a letter in high and low row and draw connection 

between boxes 



] 
] 

1 
1 
I 
I 
I 
I 
i 

i 



Returns : 



Functions called: . , ,4,^ 

outlinebox, show_ltr 



FOMCTION DESCRIPTION 



Naoe ; 



Synopsis : 



plt( color, Xy/) 

lat oolor color code for »tar 

int X horisontal character position 

Int f vertical line position 



Deaoriptlon: 



VABIABLES: 



Plot a star at the specified looation 



Local: 

struct grphcss grphcsX 



paraneters for graphics module 



Returns: 



Functions called: 



grphcs 



m 



erJc 
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FUMCTION DSSCRXPTIOJf 



Kame: 

QOESTIOB.C 



Synopsis: 

questlonO 



Pescrlptlon: , ^ 

sound three bells 



Returns: 



Functions called: . ^, . 

loctlsSf printf 



i 
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p. 



FOMCTION DESCRXPTIOlf 



{Nane: 


1 Synopsis: ^ 
1 ready ( } 


[Description : 

1 display the 


ready image and moving arrow 


1 VARIABLES: 








1 Char arrowhci 


arrow bead shape 


char arvsbft 


arrow start shape j 


char readymsgC] 


word "ready" 


Local: 




ANSI 


ans paraseters for screen display 


char •arrowhdp 


pointer to arrowhead shape 


char •arwshftp 


pointer to arrowhead shapeint 


int i 


idle counter . 


int x1 


horizontal character position 


int yl 


vertical line position 

1 j 


Returns: } 


Functions called: 

ansisor 


f cursdsp, pltcfar , pltmsg, wait j 



1« 
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POHCTION DESCRIPTZOH 



Name : 



KBYUST.C 



Synopsis : 



revllstO 



Description: 



VARIABLES: 



review student file, can get a bard copy of student list 



student cs 

nstud # of students 

sfd student file descriptor 



Global: 

struct 

int 

int 
Static: 

int more than26 assume less tban 26 student in file 
Local : 

char c prompt response 



1 
1 
1 
] 
J 

J 
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Returns: 



Functions called: 



getoh, ioctlsa, list, Iseek, 
read 



ops13a2, prlatf, putcfaar. 



502 
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3 
3 
3 
] 
1 
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i FOMCTION DESCBIPTZOB I 


i Name : 








(Synopsis: 




j ruleO 




lOescrlptlbn: display the rule image and blinking stars j 


{ VARIABLES: 




1 Static: 




J struct 


startype{ i 


I int 


color; 1 


j int 


^» y » 1 


1 int 


on; j 


] int 


cnt , tineon, timeof f ; i 


1 char 


•objp; 1 


i } 




j char 


rulessg[j word rule | 


J char 


stare star shape | 


1 struct 


startype starsC] set of star locations | 


] Local : 




t ANSI 


ans parameters for screen display J 


j char 


<^starp pointer to star shape | 


1 int 


i odle counter | 


1 int 


J star index | 


1 int 


x1 horizontal character position i 


1 int 


y1 vertical line position i 


{Returns: 1 


{Functions called: 

j 


ansiscr, blnkstars, cursdsp, pltssg, wait | 

0 g 
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FORCTXON DBSCBIPTION 



llane : 








synopsis.. 


OeacrlDtlon: 




select a starting point for training 


VARIABLES: 




Global : 




Int 


clvl current level 


struct 


personal__r cp 


int 


loop loop number 1-4 


mt 


set training set asat^ff |0riidt oh 


Statics 




fltrtlvCO] 




Local: 




char 


0 prompt response 


int 


curs cursor index 


int 


nsel maxiaum nusber of selections 


Returns : 


Functions called: 


cursasp, loctisa, keyxti, prini^x 
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I 

p. 



FOICTIOH DBSCRIPTXOM 



Haae : 



Synopsis : 



8elstrtp( ) 



Desorlptlon: 



¥ABIABLSS: 



Selelot a prepost starting level 



r 



Olobal: 

int 

struct 

Statics 

8trtlv[] 

Looal: 

ohar 0 
int ours 
int nsel 



clvl current level 

peraonal_r cp 



prOBpt response 
cursor index 

saxlmum number of selections 



Returns: 



Functions called: 



oursdspy lootlsa, keyln, prlntf 



Id 
I 



r 
p. 

r 

f 
r 

I 
I 

1 
I 

I 

I 

L 



FONCTXOH OSSCfilPTZOM 



Naae : 



Synopsis : 

set_blliik( position, niuit vhloli) 

ohar position rov position (bish or low) 

int ntaa nimber of boxes 

int vhioh box to sot 



Description : 

Set blink attrltubute for box 



VABXABX.SSS 



Loeal ; 

int X borisontal oharaoter position 

int y vertical line position 



Returns: 



Functions called: 



lobox 



r 



FOHCTIOH DESCBXPTZOI 



Haae: 



Synopsis : 



shower ow( n , rol ) 

ohar *rol pointer to Indicate string of obaraoters 

Int n noaber of oharaoters 



Oesorlptlon; 



7ABIABLES: 



Displays the row of characters at the bottoa of the screen 



Local: 

ANSI 

char str[] 
Int first 
Int X 
int y 



aos 

row of characters 
first character position for row 
horizontal character position 
vertical line position 



Returns: 



Functions called: 



anlsor, putchar 



L 
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r 
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FOHCTZON DBSC8ZPTI0W 



Name s 



Synopsis: 



oTBaln ( ah , rink , naae , n , nf f « aooiui , aoe tera , pt ouai) 
ohar *&a«e 

int acetem percent aoouraoy of ff 

int aooiui percent aoottracy of otui 

int n total ntuaber of iteaa 

int nff ttuaber of fast flniah iteas 

int ptona pause tiae onaauXtive 



Description: 



TABIABLSS: 



provide interpretive renarks 



I 



ft 



Local: 

char ans 
int first 
int taiacoterra 
int hiaoouffi 
int hiptcua 
int i 
int len 
int pasoum 
int paspt 
int pastern 
int print 
int X 



first fast finish location 

flag indicating passing fras finish 

flag indicating passing cuauXative rehearsal 

flag indicating passing pause time 

general purpose index 

string index 

passing cuBUlative rehearsal score 
passing pause tins score 
passing fast finish score 
flag indicating hard copy 
general purpose index 



Returns: 



I 



Functions called: ..^ 

getob, iootlsa, puts, sOOO, sOOl, sOlO, sOII, slOO, 

slOI, sllO, sill, sprintf, stropy, strlen, window 
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FDMCTION DESCRIFTIOM 



Name : 



■CBI»JE.1.ji,.C 



Synopsis : 



sinplerC start , stop, a) 
Int a Buaber of boxes 

iat start startlag box anaber 

int stop oadlag box anaber 



Description: 



Color oonectlon between bigb and low rows for a series of 
boxes 



?ARIABL£S: 



r 

] 
I 
i 

3 

a 
] 
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tooal: 

int i 



general purpose index 



Returns: 



Functions called: outilnebox, pritt, i^strtwln, Wait 
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FUWCTIOH DESCRIPTIOM 



Kane : 



Synopsis: 



speakC string) 
ehar 'string 



pointer for string to be spoken 



Description: 



TABIABLBS: 



Global: 

ourpos 
int 
Looals 

ANSI 
int 1 
struct 



VOICE 

ans paraaeters for screen display 
general purpose index 

grphoss grphcsl paraaeters for graphics module 



Returns: 



Functions called: 



ansiscr, prin 



I 



■54* 
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FDMCTION PESGfiXPTXOW 



Synopsis : oT»aln( table, leu, acc, pau) 

int *aoo pointer to aocaraojr soores 

Jlnt *patt pointer to pauae tl«ea 

int len niuiber of entries 



Desoriptlon: This routine prints table formatted assessment record 
TARI JLBIcES • 



See Next Page 



Returns : 



Functions called: declde^patn, foiose, fopen, fputs, getch, getlevel, 

loctlsa, keyln, Iseek, oraeg, prlntf, read, sprlntf, 
window 
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1 
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] 
1 
I 
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1 
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1 FUMCTIOM OBSCSIFTXOS 1 


i Name : 








1 Description : 




; TAfilABLBS: 




I Global: 




1 bufacoC] 




1 bufoar 




1 struct 


student os j 


1 iQt 


dfd data file descriptor | 


1 Static: 




1 static char 


•beadi | 


1 static ofaar 


*bead2 | 


I static obar 


•bead3 | 


1 static char 


*beada | 


1 static char 


*headb i 


j struct »bufoar j 


i struct assessfflcnt.r bufca ! 


j Local: 




1 FILE 'pf 


pointer to printer file j 


1 char c 


prompt resp<:inse j 


1 char o1 


proapt response j 


] char o2 


proBtpt response j 


1 obar level 


student level j 


I char str[} 


print line j 


t float offlega2 


omega squared rating | 


j Int pfi 




I lot bufaccE] 


assessment data i 


1 int hard 


bard copy flag | 


lot i 


general purpose index | 


int j 


general purpose index { 


1 int k 


general purpose index j 


1 int 1 


general purpose index j 


1 init length 


elements per trial | 


1 int bufpauC] 


pause time data j 
g f a — — ■ — ^ 
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f 

p. 



FONCTIOH DESCBIPTXOX 



Name : 



Synopsis : 



straot databof *dd 
strnot databttf { 



pointer to aoooraoy table 



Int len 

int ttwm. 
int ffaoo 
int oraoo 
int pauC] 
int aoc£] 
} 



entry length 

fast finish length 

fast finish aoonraoy soore 

ouaiilatlTe rehearsal aoonraoy seore 

panae tlaes 

aoonraoy soores 



Description: 



TABIABLESs 



This routine Is a menu for viewdata routine 



Global: 

struct 

struct 

int 

int 

int 

Local : 

obar 0 
char o1 

int cracobuf[] 
int ffaoobufC] 
int 1 
int J 

int seeklvX 



assessBtent_r *oar 
student os 
dfd 
fflen 
llstlen 



data file descriptor 
length of list that holds len# of 
total # of elements In an 
assessaent 



prompt response 
prompt response 

cululative rehearsal accuracy data 
fast finish accuracy data 
general purpose Index 
general purpose index 
level of data to search for 



Returns : 



return (c) menu selection 



Functions called: 



decide^patn, getch, iootlsa, Iseek, ,printf, putchar, 
read, vlndow 



ERIC 
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FOHCTXOll DBSCBIFTIOH 



Name : 



ESSJLJl 



synopsis: ^^rnlngO 



] 



] 



Descriptioni Supplies warning messages, collects overiding responses and 

deletes the student Information 

VABIABLBS: 



I- 

J 
I 

i 

1 

3 



Global: 

struct 
int 
int 
int 
Local: 

char c 



student cs 

aaxstud max students in file 

nstud # of students 

sfd student file descriptor 

prompt response 



Returns : 



Functions called: atcreat, getch, ioctls, Iseek, printf, putchar, read 



514 



ERIC 
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! FOHCTXOM OSSCBZPTIOS 

i 



I Nane : 



{Synopsis: 

j vlpeO 



1 {Description: _ . . ^ . 

j I Clears a display window for subsequent text 

I 

l! 

f! 
J 
I 
I 



11 
I 

! 



I 
I 

1 

I Returns : 
I 

I 



3» 



{Functions called: 

I iootlsa, window 

I 



! ^ 
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1 

J 



FQNCTXOH DESCBIFTIOX 



Synopsis : 



aograpb( ) 



. 1 

i 



1^ 

1 

3 
3 
3 
] 
1 

3 



Description 



VARIABLES: 



See Next Page 



Returns: 



Functions called; decide_patn, fclose, fopen, fputs, getch, ioctlsa, 

keyin, Iseek, napdatf, prlntf, read, selXvl, setmen, 
sprlntf 



FUHCTZOl OESCRIPTIOM 


Nane : 












Dttscription: 






fABIABLES: 






Global: 






buf oa 






ofaar 


bufdate[7] 


buffer to get date 


buf trl 






lot 


dfd 


data file descriptor 


dsolTlaC ] 




- 


lined 






Bapdat 






seeklvl 






setsop 






trval 






Local s 






FILE 


■ pf 


pointer to printer file 


char 


*S8tdS0p 


pointer to set descriptions 


obar 


bufC] 


edited date 


obar 


blin 


horizontal line charcater 


cbar 


nC] 




char 


vlin 


vertical line character 


cbar 


0 


pronpt response 


char 


cl 


proapt response 


cbar 


c2 


prompt response 


cbar 


level 


student level 


cbar 


linen 


print line 


1 char 


str[3 


print line 


1 Int 


pfl 


printer file return code 


1 lot 


valsl! ] 




1 int 


buf aco[ ] 


accuracy scores 


1 int 


buf pauC ] 


pause tines 


1 int 


1 




1 int 


length 




1 int 


seeklvl 


level to seek 


1 int 


t 


trial nufflber 


1 int 


data 




1 int 


bard 


flag indicating hard copy 


i int 


i 


general purpose index 


1 int 




general purpose index 


1 int 


k 


general purpose index 


1 int 


lines 


line count 


1 struct mapdats 


sapdat 


data sapped to vertical scale 


1 struct trial 


buf trl 


trials 


1 struct trlvals 


trlval 


trial values 

♦ 



ERIC 



FOHCTZON PSSCRIPTIO« 



Nana : 

ACTLTB.C 

Synopsis : 

aot_box( apX,o,f) 



ch&r 


a 


wbloh row »h« or »1« 


int 


f 


first tine flag 


lot 


1 


box to aotlYate 


int 


n 


nusber of boxes 


Description: 








This function activates the i-th box of c row and returns 




the tiae 


ininoreoents of 50 msec if the time is less than 30 




sec else 


returns -1 . 1 


VAfilABLES: 






Global: 






stikss.xisax = 


n; 1 


Local : 






int 




t elasped time j 


int 




X horizontal character position | 


int 




y vertical line position | 



Returns: return(-l) over 30 seconde elasped time 

returnC t ) elasped time 



Functions called: 

anslscr ^ ligbtpeni stlk 
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FOMCTIOM DSSCSXPTZOll 



i 

r 



3 
1 
1 
] 



ERIC 



Naoe : 



Synopsis : 

bliikatar( starp) 

atruot atartype *atarp pointer to aet of atar deaoriptloo^ 



Description: 

Review status of stars erasing tbose that are due to go off 
and replotting those that are due to go on 

VARIABLES: 

Global: 

ohar •atrp pointer to start description 

obar strl star shape 



Returns: 



Functions called: pltchr 



TT9 



1 FOlfCTION 


DBSCBIPTIOH 1 


) Name : j 
1 CUfiSfiSP.C ! 


iSynopsls: , . 
1 oursdspCx) 




i Infc z tvDfi ot aapsoi* 




J Display a cursor 




1 VAfilABLES: 




1 • Local 




j struct podosbs 


{ 1 


} int funo; 




j int ax; 




j int bx; 




f int cx; 




1 int dx; 


» 1 


i 

J struct pcdosbs pcdosbl 


parameters for PC-DOS interface | 

f 1 


{Returns: i 


iFunctions called: PcaosD j 
ll 1 

i - #1 



52B 



r 
r 



FOaCTIOV DSSCBIPTXOS 



Vane : 



DBCBBAT.C 



Synopsis: 



dboreatCns) 
Int UB 



nuaber of students 



Description: 



VABIABLSS: 



Create a new student data base 



•i 



Global : 

struct 
struct 
int 

mt 

Local: 

Int 
Int 



assessaent^r *oar 
student *osp 

dfd data file descriptor 

sfd student file descriptor 



1 
j 



Index for student index file 
Index for student assessfflent data 



Returns : 



Functions called: 



close, creat, write 



L 
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q6 



r 

P. 

r 
f 

I 
I 
1 

1 
1 

L 
I 
L 
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FOHCTION DESCBIPTZOM 



Na»e: 



Synopsis : 

dravstr ( strg, x, j) 

obar *strg pointer to string to be drawn 
int X borlsontaX line poaltlon 

Int y vertloal otiaraoter poaition 



Description: 

Plot a star 

fARIABLES: 

« 

Looal : 

struct grphcss grphcsl 



Returns : 



Functions called: grpbcs 



FQHCTIOH DBSCBIPTIOI 



FTMnilAMK.C 



Synopsis: 

lot n student nuaber 



Description: 

to retrieve currs rec, prev reo, and next reo 



TARIABLES: 

Global : 

struct student bufcs buffer cs 

struct student bufcsl 



Returns: 



Functions called: 



getnsf strnopy 
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FORCTIOM DBSCRIPTIOM 



Haae s 



Syoopsis: 



Desoription: 



TABIABLES: 



To get necessary Information of a new student 



r 



Olobal : 

struct 
struct 
int 
Int 

struct 
Statlo: 

static 
Local: 

obar 

char 

int 

int 

int 

int 



personal_r op 
student 
dfd 

loglen 
log 



cbar 

b_dateC] 
c 

flag 

i 

1 

ok 



OS 

data file descriptor 
length of log structure 
slog 

•blank 

date buffer 
prompt response 
student inserted ok 
geineral purpose index 
level number 
date valid flag 



Returns: 



flag 



Functions called: 



I 



ERIC 



cutsp, lns_std, ioctlsa, keyin, Iseek, printf, putcha^ 
setmen, write 



00 



r 
I 



F0NCTXON DBSCBXPTIOM 



Name : 

QgTLEYEL.C 



Sjrnopsis: 

obar fietleTel(l) 

Int 1 taorizontal oharaoter poaition 



Deaoriptloo: 



TASIABLES: 



Local : 

char level 



fieturns: 



Functions called: level 



L 
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f 
f 
i 
I 

I 
1 

1 



I 



ERIC 



1 FUHCTIOM &BSCRIFTIOM | 


iNaae: j 


iSynopsls: 

1 ll«t(i) 




{ Int i 


borlsontal obaraotcr position | 






!Dfisai*lDti.on: 

1 W 9 • Jtm V ^ W *A # 




1 List 


the remainder of tbe student file i 


1 YABIABLES: 




1 Global: 




{ struct 


student *osp I 


{ Int 


nstud # of students \ 


j int 


sfd student file descriptor | 


j Local : 






X horizontal ctiaraoter position j 


1 int 


y vertical line position j 


iReturns: f 


{Functions called: 


iootlsa, Iseek, printf, putchar, read J 

52B _ 1 
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FOHCTIOM DSSCBIFTXOM 



Naae : 



Synopsis: 

Ioadrooket(z1 ,roobuf ) 
oliar roobufC] 

lot x^ horizontal ciiaraoter position 



Description: 



VABXABLES: 



Plot a rocket at its base location 



r 



Local: 

Int 1 general purpose index 

mt X horizontal character position 

Int x2 

Int y vertical line position 



Returns 



Functions calledl pXtrkt 



I 



-5 

ERIC 
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FUNCTION DBSCRXPTIOM 



Nane : 



ODTLIHBB-C 



Synopsis : 



ou tl ine box ( n , k ) 

int k box to outlino 

Int n Boaber of boxes 



Description: 



This routine connects the k-th box of the upper row with the 
k~tb box of the lower row of n boxes. 



VARIABLES: 



Local : 

ANSI 
char 
int 
int 



scrndat parameters for screen nanulipation 

block block shape 

X horizontal character position 

y vertical line position 



1 
] 
] 
1 
1 

] 



ERIC 



Returns: 



Functions called: ansiscr , putchar, dissol vebox 



,5..2l8.. 
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1 FDHCTION CESCRXFTZON | 


1 Naoe : 










OMEO.C 






! Synopsis : 










ones(n,nf f ,r} 








int B 


list lengtb 


1 




int nff 


fast finish 


lengtb 1 




int rC] 


pause tlaes 




{Description: 








Coiapute the omega square rating j 


1 VABIABLES: 




j 


i . Static: 








int 


idl2C] 






int 


idlrCJ 




1 Local; 








float 


IdlCl 


ideal values | 




float 


IB 


omega squared rating | 




float 


Biserr 






float 


mspr 






float 


ssspr 






float 


sstr 






float 


zi] 


z ^ scores j 




int 


cum 


ouffiulative rehearsal length j 




int 


i 


general purpose index j 


{Returns: 










D 






iFunctions 


call ed : 






1 


msp, 


sssp, sst, 


2O0 I 






5?.^ I 



■5 

ERIC 
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FDMCTXOll DSSCSIPTIOM 



Naoie : 



PLTICOJf , C 



Synopsis : 



pi tloonC ool oppX,j,X oon , xaag , y sag ) 

ohar * loon pointer ot sfaape to be plotted 

Int oolor eolor of plotted object 

Int X borlsontal obaraoter position 

Int uiag magnetude In borlsontal direction 

mt y Tertlcal line position 

Int ysas aagnetude In Yertloal direction 



I 



Oesoription: 



TAfilABLES: 



Plot an icon 




Local : 

struct 



grphoss grpbcsl parameters for graphics 

routine 



Returns: 



Functions called: grpbcs 



53i 
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FOHCTIOH DBSCBIPTZOX 



Name : 



PLTHSQ.C 



Synopsis : pxta8g(oolor,z,79 ohrynagtyBag) 



ehar 


•obr 


aessags 


lot 


oolor 


Message oolor 


Int 


X 


X start position 


Int 




X oharaotor snltiple 


lot 


J 


y start position 


mt 




y line sinltiple 



Description : 



TASIABLES: 



Plot a message on tbe graphics screen 



Local: 

struct 



grphcss grphesl parameters for graphics 

routine 



Returns: 

Functions called: K^Hrtrcs- 



I 



ERIC 
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FOHCTIOH DESCRZFTIOlf 



Name : 



Synopsis : 



priaCstrlzis) 
otiar •string 



pointer for string to speak 



Description: 



TABIABLESi 



Print text and send text to speech routine 



i 



Global: 

int int 
int int 
Local: 

ohar 
char 
int 
int 



SCREEN 
VOICE 

stringiC] print line 

c general purpose character 

i source string index 

J destination string index 



Returns: 



Functions called: 



printe, printf, toupper 



] 



ERIC 
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1 

p 

1 
1 
1 
1 

1 

] 

] 
I 
I 
I 
1 
] 



POMCTION DBSCBXPTXON 



Synopsis : 



ptgrapbC) 



Oesoriptioo: 



VABIABLES: 



Report a pause tloe graph 



See Next Page 



Returns: 



Functions called: 



fopen, getch, ioctlsa, printf 



I 
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FOMCTXOM DESCRIPTION 



OfiAPHS-C 

Ottscrlption: 



TABZABLSS: 
Global : 



dscXvIaL ] 

• 






• 

FILE »pf 






char 


•setdscp 


pointer to set descriptions 


char 


buf [ 


edited date 


obar 


hlin 


horizontal line character 


obar 


nC ] 




char 


vlin 


vertical line character 


ohar 


0 


proopt response 


ohar 


cll 


proDpt response 


ohar 


o2 


prompt response 


ohar 


level 


student level 


ohar 


lineC J 


print line 


ohar 


strlC] 


print line 


Int 


pf i 


printer file return code 


mt 


valaC] 




mt 


t 


trial number 


Int 


data 




mt 


hard 


flag indicating hard copy 


Int 


i 


general purpose index 


int 


J 


general purpose index 


Int 


k 


general purpose index 


mt 


lines 


line count 


struct sapdats 


mapdat 


data mapped to vertical scale 


struct trial 


values 


trlvals trlval 



504 
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FOlfCTIOH DESCRIPTION 



Nane ; 



GAHB2,C 



Synopsis: 



See Xext page 



Oesoriptlon: 



VAfilABLES: 

Local : 

char 

char 

Int 

Int 

Int 



Establish a new set of stars 



•strp pointer to star shpae 

strl star shape 

i general purpose index 

tiaeon time star is on 

times 



] 
] 
1 
1 
] 

] 



ERIC 



Returns : 



Functions called: pltchr, sbipmov, update 
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FUNCTION DESCfilPTIOH 



Nane : 



ERIC 



Synopsis: 



ronewC star, lerel , shlpbuf , hi tbuf , roobuf , ships pd , indey , xaoale , ysoal 

e, tiao, tla, sbiphit, ourtlae,old8ooret score, hubs) 

obar *niuis 

char bitbufC] 

obar iodoT 

obar roobuf C] 

obar shipbuftl 

Int •onrtlae 

int *old80ore 

int *80ore 

int "tiMe 

int level 

int sbipblt 

int shipspd 

int tis 

int xsoale 

int ysoale 

struct startype start] 



Returns 



Functions called: 
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FUNCTIOM DESCRIPTIOM 



Synopsis: rerlevi) 

char 'out pointer to output type ttle 

ohar *spd pointer to speed title 

char o keyboard input 



Description: review information of a student, either new or old 

student 



7ARIABLES: 



Global : 

struct personal_r op 

struct student cs 



1 

i 

1 

3 
] 
] 
] 

] 



ERIC 



Keturns: 



Functions called: 



goteoam # — ioetiooi — aed iaf o » priafe^g^ - 



in 



r 

r 
r 
{ 
I 
I 



FURCTIOk DBSCBIPTIOM 



• MIMPOM.C 



Synopsis: ratrtMin(y) 

ini r horlsontal line position 



Description! clear the window defined as line 20 through 24 and set the 

cursor at yhe selected line y> 

?AfiIABLES: 
Local : 

ANSI ans paraneters for screen display 



Returns: 



L 



Functions called: ansisor, printf 
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F0HCTIOM DSSCRIPTIOV 



Name : 



JSfiJQLiLJC 



Synopsis : oiraalnC sOOO , naae, first » n^^t aootta, aoctera, print) 



ohar 


*nase 


pointer to student nans 


int 


aooterM 


faat finish aooaraoy score 


int 


aooiuK 


otUBUlative rehearsal soore 


int 


first 


list length 


int 


nff 


noaber of fast finish elements 


int 


print 


flag ind.-l eating hard copy 



] 

f 

] 
I 
1 
i 

i 



Descriptioo: 

VABIABLES: 
Locals 



provide Interprltive remarks 



int 


a 


cumulative rehearsal accuracy 


Int 


b 


fast finish accuracy score 


int 


len 


length of string 


int 


n 


fast finish length 


int 


X 


list length 



Returns: 



Functions called: 



apriptf, atrlen 



1 
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FOaCTIOK DESCRIPTIOI 



j 



ll 



Name : 



Synopsis 



iSQQI.C 

OYBalsi(8001 ,naaef first, iiff,aooii»yaoot«rB« print) 

pointer to student naae 
fast finish aoonraey soore 
ooaulatlve rehearsal soore 
list length 

nuaber of fast finish eleaents 
flag Indicating hard oopy 



ohar 


*naae 


Int 


aootera 


Int 


aoooB 


Int 


first 


Int 


nff 


Int 


print 



Description: 



VAfilABLES: 



provide Interprltlve renarks 



0 

m 

Int 


a 


cumulative rehearsal accuracy 


Int 


b 


fast finish accuracy score 


Int 


len 


length of string 


int 


n 


fast finish length 


int 


X 


list length 



score 



Returns: 



Functions called: spplntl , iim.iU 
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FDSCTIOH DESCRIPTIOH 



Name : 



S010. C 



Synopsis : ovaalnCsO 10 , aaae, first , nff, aooua, aooterv, print) 



ohar 


■naae 


pointer to student naae 


int 


aootarM 


fast finish aoonraoy score 


int 


aocoB 


ooaulatiTe rehearsal score 


int 


first 


list length 


int 


nff 


nuaber of fast finish eleaents 


int 


print 


flag indicating hard copy 



I 
I 



Description: 

fAXIABLES: 
Local: 



provide interpritlve remarks 



r 



int 


a 


cumulative rehearsal 


accuracy 


int 


b 


fast finish accuracy 


score 


lot 


len 


length of string 




int 


n 


fast finish length 




int 


X 


list length 





Returns: 



Functions called: 



m ^ m mm \J M — p - W V A «ik V M 



I 
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FOHGTIOM DESCRIFTIOM 



Name : 

Synopsis: | 

C 



obar 

Int 

int 

int 

int 

int 



'naae 

aooteri 

aooua 

first 

nff 

print 



pointer to student nane 
fast finisb aoouraoj score 
ottBuXative rehearsal score 
list length 

nuaber of fast finisb eleaents 
flag indicating bard copy 



Description: 

VAfilABLES: 
Local: 



provide interpritive remarks 



f 



int 


a 


ousulative rehearsal accuracy 


int 


b 


fast finish accuracy score 


mt 


len 


length of string 


int 


n 


fast finish length 


int 


X 


list length 



Returna : 



Functions called: 



sprlntf 9 dtrlen 
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FOKCTIOH DESCRIPTIOM 



] 



1 



1 



I 
I 
I 
I 
I 

Id 
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Name : 



Synopsis : 



OTualnC si 00 , naae, first, nff, aooust aootersv print) 

pointor to student naaa 
fast flnlsli aoonraoy score 
ouHulative rehearsal soore 
liat Xeagtb 

nuBber of fast finish eleaents 
flag Indloatlng bard copy 



ohar 


*naBe 


Int 


aoetera 


int 


aootui 


int 


first 


int 


nff 


int 


print 



Description : 

VABIAfiLES: 
Local s 



provide Interpritlve remferks 



int 


a 


cumulative i 


rehearsal accuracy 


int 


b 


fast 


finish 


accuracy soore 


int 


len 


length of s 


tring 


int 


n 


fast 


finish 


length 


int 


X 


list 


length 





Returns: 



Functions called: 



sprintr, strien 
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FORCTIOM DBSCRIPTIOll 



Name : 



SIQI.C 



Synopsis 



oTaalnC si 01 , naae, first » nff, aooiui» aoeterm, print ) 



char 


■nana 


pointer to student naaie 


int 


aootera 


fast finish aocnraoy soore 


int 


aootuB 


oumalative rebearsaX soore 


int 


first 


list length 


int 


nff 


nanber of fast finish elements 


int 


print 


flag indioating hard oopy 



Description: 



VABIABLES: 



provide Interprltive remarks 



s 

int 


a 


ouaulative rehearsal accuracy 


int 


b 


fast finish accuracy score 


int 


len 


length of string 


int 


n 


fast finish length 


int 


X 


list length 



Returns: 



Functions called: sprintf , strien 



i 
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FOHCTZOli DBSCfilPTIOB 



Name : 



■8 1 I.Qa^^ 



Synopsis ; 



oTAalii( 8 110, Base , first , off , aoooa , aoo term, print ) 

pointer to student naae 
fast finish aoonraoy score 
cnattlative reliearsal score 
list lengtH 

number of fast finisli eleaents 
flag indicating iiard copy 



char 


'naae 


int 


acctera 


int 


aoctiB 


int 


first 


int 


nff 


int 


print 



Description: 

TARIABLES: 
Local: 



provide interpritive renarks 



int 


a 


int 


b 


int 


len 


int 


n 


int 


X 



ouaulative rehearsal aocuracy score 
fast finish accuracy score 
length of string 
fast finish length 
list length 



Beturns: 



Functions called: 



sprlntf, strlen 
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FOHCTION DESC8XPTI0N 



Name : 



S11UC 



Synopsis : 



ovaalnCal 1 1 t nasey firsts nff«aocua«accterB« print) 



ohar 


*naBe 


pointer to student naae 


int 


aootera 


fast finish aoonraoy score 


int 


aoouB 


ouBulatlTe rehearsal score 


int 


first 


list length 


int 


nff 


nnaber of fast finish elesents 


int 


print 


flas indicating hard oopy 



Description: 

YABIABLES: 
Local: 



provide interprltive remarks 



int 


a 


cumulative rehearsal accuracy 


int 


b 


fast finish accuracy score 


int 


Xen 


length of string 


Int 


n 


fast finish length 


int 


X 


list length 



Returns: 



Functions called 



sprintf , strlen 



5 If; 



ERIC 
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FVHCTIOS OESCRIFTZOIf 



Name : 



LQBOXES- C 



Synopsis : 



se t„t»osL.oIr ( pos , ntui« whlob , f orgrnd ) 

char po8 row positloit (high or low) 

lot forsrnd foresround color 

int ouii nuaiber of boxes 

Int which which box to color 



] 
1 



Description: 
TABIABLES: 

Local : 

ANSI 

int 

int 

int 

int 

int 

int 



ans 

UNDSCORE 

VERLINE 

i 

X 

y 



parameters for screen display 
character code 
characteroode 
general purpose index 
horizontal character position 
vertical line position 
y 2 



1 

1 
1 

} 



ERIC 



Returns: 



Functions called: 



ansiscr, putchar 



517 



121 



FUNCTION DBSC5IFTX0K 



Name : 



Synopsis : 



8lieet( ) 



Description; 



VAfiXABLES: 



Display a music scale 



Local : 

struct 



drw lines lines for scale 



] 
] 

3 
] 
] 
1 

] 



ERIC 



Returns: 



Functions called: 



drw 



5iS 
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PQXCTIOM DB8CBIPTI08 



Nane : 

SHOMLTH.g^ 



Synopsis: 

shov_JLtr(niui, ohr, vhlohvypos, tiane} 

char ohr oharaoter to display 

ohar ypos rov position (bigii or low) 

int nua atusber of eleaoats 

Int tlae tlae to display la thentb of a second 

int vbioh vhioh box to display 



Description: 

This function sbows a letter in k-th box (k<sn) for an 
amount of time specified by tise for argunent *tiBe'f 0 
denotes no tiae specified by 'time* limit unless screen is 
wiped out 



1 denotes 0.1 sec 
5 denotes 0.5 sec 
10 denotes 1 .0 sec 
50 denote 5*0 sec 
etc. 



Stat ! >; 



Local 



Int 


t1 




int 


t2 




static 


cbar 


blank 


ANSI 


ans 


parameters for screen display 


int 


intvl 


elasped time 


int 


X 


horizontal character position 


int 


y 


vertical line position 



Returns: 



return( intvl) 



Functions called: 



ansisor, intvls, putcbar 



51H 



12S 
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FUICTIOM PFSCIIPTIOM 



Maae: 



Synopsis: 



shovnaBeC ) 



Desorlptlon: 



TAJtlABLES: 



Display a students naoe 



Olobal: 

struct 
struct 
struct 



student bufcs 
student bufosi 
student bufcs2 



buffer cs 



L 

L 

L 
L 

L 



Returns : 



Functions called: lootlsa, prlntf 



ERIC 



] 

9. 



FOMCTIOH DESCBIPTIOI 



Ifaae : 



2ynopsl8 s 



sons(sp) 
iat BP 



Description: 



YABIABLSS: 



Play a song 




Local : 

let 

struct 
unsigned 



z note Index 

display dlsply 

8 song selection 



Returns: 



I 
I 



-5 

ERIC 



Functions called: free, getsong, loadsor, ran savscr, tone 
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POSCTIOM DESCRIPTION 



Naae : 

P. 

Synopsis: 

starlii t ( i » starp) 
Int i 

struct startype *8tarp 



Desoription: 

TABIABLESs 
Local : 

obar *8trp pointer to star shape 

obar strl star shape 



Returns: 

Functions called: pitchr, whistle 

552 
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I 

1 
1 
] 

i 
1 

] 
I 
I 
I 
I 
I 



FOWCTIOM DESCRXPTIOV 



Name : 

LQBOTRS. c 



Synopsis : 

stop_bli.iik( po8« aiui, wbloli) 

ohar pos row position (hlsb or low) 

int nua niuiber of boxoa 

Int wblob box niiaber to reset blink attribute 



Desoription: 

Turn off blink attribute for box 



VlBlABLESs 



Local : 

int y horizontal character position 

int X vertical line position 



Returns; 


Functions called: 


lobox 


553 



E 



"5j 
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p. 



FUlfCTXON DSSCBIPTIOX 



Nane 



Synopsis 



wait( time) 
int tiae 



tlae to wait in tentbs of a second 



Description: 



YARIABtES: 



Walt a requested interval of time 



Local : 

unsigned 

unsigned 
unsigned 



t1 

t2 
t3 



intervals from which to calculate 
time 

intervals froa which to calculate 
kine 

intervals froa which to calculate 
time 



] 

] 
1 
1 

] 



ERIC 



Seturr s: 



Functions called: 



intvls 
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F05CTI0K DESCBIFTIOH 



Nane : 

VIIDQM.C 



Synopsis : 

vlndowC top, bottoaiv lef t f vldth) 

int bottOB bottoa linm nuabor 

int left left aost oharaoter position 

int top top line nnaber 

int width vidth in characters 



1 




iJesorlption: 

Sets the text window 



fARIABLES; 

Global: 

wndbtn 
wndlft 
wndtop 
wndwdtb 



Returns: 



Functions called: 



ERIC 
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FONCTXOH DESCRIPTIOK 



Name : 

nmTiiKB.n 



Synopsis : 

<lissoIvebox(n«k) 

int k box to oonneot 

int n number of boxes 



f 



Description: 

This routine disconnects the k-th box of the upper row from 
the k-th box of the lower row of n boxes. 

TAfiZABLES * 
Local: 

ANSI crndat parameters for screen display 

lot X horizontal column position 

int y vertical line position 



Returns : 



Functions called: 



nslscr, loboxes, putchar 



i 



ERIC 
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-JUS 



1 



FUNCTION DESCRIPTION 



Kane : 



3 



Synopsis : 



drv(llnep) 

struct drv *linep 



pointer to paraoeters for line dravins 
position 



Description: 

TABIABLES: 
Local : 



Draw a line for a ausical staff 




int 


a 






int 


color„ 


_cd 


line color 


int 


hiine. 


_ln 


horizontal line shape 


int 


hor_x 




horizontal line starting character 
position 


int 






horizontal line vertical line 
position 


int 


ver_x 




vertical line character position 


int 


ver_y 




vertical line starting line position 


int 


vline. 


-In 


vertical line shape 



Returns: 



Functions called: 



color, line 



1 



ERIC 
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FONCTXOIf DBSCfiXFTIOX 



j 
i 

I 

i 

] 
] 
] 

I 
I 
I 
I 



QSTCOMW. C, 



Synopsis : 

getooBB(x,y} 

int X horizontal character position 

int y Tertioal line position 



Description: 

get a oomtaand character together with a RTN, return oonnamd 
char 



VAfilABLES: 
Local : 

char c[3 receives a string of characters fro« 

keyboard input 



Returns : 



return(oC03) return first keystroke 



Funotions called: 

lootlsa, keyin 



3 



55S 
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I 

J 



] 
] 
J 

] 
I 
I 
I 
I 
I 

1 



ERIC 



FOlfCTION DESCBIPTIOV 



Nane : 



Synopsis : 

getQsCs, burosxp) get n-tb stud reo 
int n student nuaber 

struct student *bufo8xp pointer to student record 



Description: 

Locate a students name in the student index 



TABIABLESs 

Global : 

buf csxp 

int sfd / student file descriptor 



Returns : 



return(-l); no stud rec# 

return( read (sfd. (char *)buf osxp,26) ) ; 



Functions called: 



Iseek, read 



FOHCTXOII DESCRIPTIOM 



Nane : 

. iwa.c 

Synopsis : 

getsongC aongfilep } 
oliar 'soiigfilep 



Description: 



7ABIABLSS: 

Local : 

int retrn 



« 



Returns : 



Functions called: 

malloc, notes, 82Dtfil 
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FDNCTIOM DBSCRXPTXOB 



Name : 



Synopsis : 



ins^stdCnaaeydata) 

ohar *jia«e pointer to student nane 

struct porsonal^r *data pointer to student personal data 



Description: 

VABIABLSS: 

Global : 



Insert a student in the student data base 



struct 


student 


*buf cap 


struct 


student 


OS 


int 


ourrd 


current data record # 


int 


ourrs 


current student record # 


int 


aaxstud 


max students in file 


int 


nstud 


# of students 


int 


sfd 


student file descriptor 


• 
• 

ohar 


0 


general usage character 


int 


n 





Returns: 



return(-1 ) /• duplicate keys «/ recurn(-i;) / no 

space left in sdb »/ return( currs) pointer to current 

j g tHdgn t 



Functions called 



I 



ERIC 



found) Iseek, read, write 



5Gl 
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F08CTI0N DESCRIPTION 



Ham« : 



Synopsis : 



LTflHTPBS.fi 



liglitpeiiC stiksp) 
struct stiks 



*8tlksp parameters for lisbtpen routine 



Description: 

VA8IABLES: 

Global : 



requests a llghtpeo reading 



Int 


int 


pba 


Int 


maxtlne 


voice or text output 


stiksp 

• 






Int 


i 


elasped time 


int 


t 




int 


t1 


time of entry 


Int 


t2 


time of activation 


int 


X 


horizontal character position 


Int 


y 


vertical line position 



Returns: 



return( -1 ) 
return(t2 - t1) 



Functions called: 



chirp, intvls, penpos, alarm 



hi 

I 



ERIC 



n8 



1 FOMCTION DESCRIf'jriOll 



Naae : 


LOBOXKS. C 








Synopsis : 


lobox(X|7, 

oliar 

int 

int 


blink) 
blink 

X 

y 


flag indicating blink attribnte 
horisontal character position 
Tertlcal line position 


Desoriptio 


n: 






r display 


Draw 


a box f 


or cbaracte 


VABIABLES: 










Local : 










ANSI 




ans 


parameters for screen display 




Int 




UNDSCORE 


horizontal line shape 




int 




VERLINE 


vertical line shape 




int 




i 


horizontal index 




int 




y1 


vertical index 


1 Returns: 


1 Functions 


called : 


anslscr 


, putcbar 


* 
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FOHCTION DBSCBIPTIOM 



Name : 

QHAf HS. C 



Synopsis: 

aapdatf (aiapdatp) 



struct sapdats *sapdatp paraneters for aapdat routine 



Description: 

Map the data to vertically scaled positions 



VABIABLES: 
Local s 

Int 1 horizontal index 

int scale scale to appl to y value 



Returns : 



Functions called 



5G4 
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J 

9. 



1 

3 
1 
1 
1 

] 
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t FUHCTIOH DESCBIPTIOV 1 


{ Name : 


ssvxsv.c 




1 Synopsis : 


Bodlnf o( ) 




{Description: _ I 
t Modify student personal Information | 


1 YABIABLES: 




1 Global; 






struct 


per8onal__r op j 




struct 


student cs | 


l| 


Int 


dfd data file descriptor | 




int 


sfd student file descriptor j 




sptr 




i Looal : 






char 


•out pointer to output typetitle j 




char 


•spd pointer to speed title j 




char 


0 input character | 




char 


input[] input device name j 




obar 


outputCj output type name j 




char 


sesU sex title j 




obar 


speedC] speed title { 




mt 


i elasped time j 




struct 


personal_r "pp pointer to personal data j 




struct 


personal^r p personal data | 




struct 


student •sptr pointer to student data j 




struct 


student s student data j 


iReturna: f 


i Functions 


call ed : 


cutsp, round, ioctlsa, iseek, modify, printr, strncpy, | 
write { 



563 



FDNCTION DESCRIPTIOM 



Kane : 



jsmsusL 



Synopsis ; 



float BspCoySy ideal) 

rioat idealCl ideal pause tines 

float zCj s scores 

int n lengtb of string 



Description: 

VABXABLES: 
Local: 



Compute mean square 



float 


a 


float 


b 


float 


c 


float 


d 


float 


e 


float 




Int 


i 



Returns : 



Functions called: 



5fiG 



9 

1 
] 

3 
J 
] 
3 

i 
I 
I 
I 
I 
I 

I 



FONCTION DESCBXPTXOX 



Name : 

MOS.C 



Synopsis : 

8av8or(y} 

int y Yertioal line position 



Description: 



TABIABLES: 



Global : 

dsplyC ] 
Looal s 

int a 
int al 
int b 
int 1 



Returns : 



Functions called: 



pi tchr 



5fi7 
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FOMCTIOV PSSCRZPTXOIf 



Name: 

.SKM.YL.C 



Synopsis : 

Int *leTelp pointer to level noaber 



] 

1 
I 
I 
1 

a 
] 

] 



Description: 

Get student assessi&ent data for a requested level 



VABIABLSS: 



Local: 

Char 



Returns : 



Functions calledl decide_patn, fclose, fputs, ioctlsa, keyin, iseek, 

oapcapf, printf, read, setmem, sprlntf 



ERIC 



POKCTION DBSCSXPTXOil 



Naae: 



Synopsis: 



9blpBOT( bZy by , bbipbuf 9 hi tbttf f niUBs) 
ohar bitbufC] 
obar sblpbufCJ 
iBt bxiJ 
lot byC3 

Int niuisno] string of digits 



1 

] 



Bescriptlon: 



Display a ship moving aoross the screen 



YABIABLESs 



Looal: 




See Next Fage 



] 
I 
I 
I 
I 

1 I 
I I 



Functions called: 



Returns : 



hit, pltrkt, pltsbp 



5 Gil 



Naoe : 



Deacri ptlon : 



FOMCTION DESCRIPTIOM 

N: 



VARIABLES: 



Local : 



char •ship 




char 


Isbip 


int 


length 


int 


nt 


int 


oship 


int 




Int 


r 


Int 


umcapt 


int 


X 


int 


y 


int 


ocke t 


int 


X 


int 


Xl 


int 


x2 


int 




int 


1 


int 


x2 


int 


y 


int 


y 1 


int 


y2 


int 




int 


1 


int 


2 



ERIC 
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FONCTIOIf DSSCSXPTIOM 



Naoe : 



Synopsis : 



float 
float 
float 
int 



Desoriptlon: 



TABIABLSS: 



Local : 

float 
float 
float 
float 
float 
float 
int 



i 

3 
] 

] 



ERIC 



8S9p(ii,s, ideal}' 

z[] s soores 

ideal C] ideal pause tinea 

n length of string 



a 
b 
o 
d 
e 
a 
1 



Returns; 



m 



Functions called 
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FOHCTION DSSCRZPTXOS 



Name : 



OHBQ.C 



Synopsis : 



float 
float 
lot 



J 



sstCiivSv Ideal) 

ideal t] ideal pause tines 

ziJ s scores 

a lengtb of string 



] 

I 

J 
I 
I 
I 
I 



Description: 



TARIABLES: 



Local : 

float 
float 
float 
float 
float 
float 
int 



a 
b 

0 

d 
e 
m 
i 



Returns : 



ID 



Functions called: 



3k 

3 



ERIC 
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9 



f 



I 



ERIC 



i FONCTION DBSCBIPTXOM | 


i Nao9 ; 






i STZK.C 






iSynopsls : 






1 stikCstiksp) 




i struct 

1 • 


stiks *8tlk8P 


paraaeters for stlk routine | 


iDesorlptlon: 






1 requests a Joystick reading and replaces current block and j 


I writes new cursor 




1 VARIABLES: 






{ Global: 






1 int 


pba 




1 int 


xscale 




! Static: 






1 char 


lastx 




f struct 


curpos 


curposs j 


i Local: 






1 ANSI 


ans 


paraneters for screen display j 


1 cbar 


ourrentx 


current horizontal box number j 


1 ' int 


t1 


start tioe j 


1 int 


t2 


stop time ' I 


i int 


X 


horizontal character position j 


i int 


y 


vertical line position j 


1 Returns: 








return( -1 ) 


f 




return(t2 - t1) 




iFunctions called: 






l! 


ansiscrt intvls. 


joypos, putcbar j 

• • 
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FDNCTZON DESCBIPTZOV 



Naae : 



Synopsis.* 



] 

J 

] 

] 

] 
i 

I 

3 
I 
I 
I 
I 
I 

I 



ERIC 



tone ( f req , tise ) 

int freq frequency of tone 

Int tine tine in tenths of a second 



IDesorlptlon: 




1 Sound a tone 


for a opeolfled period of time 


1 TABIABLES: 




1 ifOoais 




1 Int 


hlbyt 


1 int 


lobyt 


1 int 


port port nuaber 


1 long 


count 


1 long 


divisor 


1 long 


1 






Returns: j 


Functions called: 




Inportb, 


outportb, prlntf ] 
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FUNCTIOM DBSCRIFTIOX 



Name : 



Synopsis 



update (oldsooro, score ynimsyx) 

ohar *nufli8 string of digits 

int *old80ore pointer to previous score 

int score current score 

int X 



Description: 



VARIABLES: 

Local : 

int 
int 
int 
int 



Erase old scores and draw updated scores 



1 

n[J 
x1 

y 



index into string 
array of digits from score 
horizontal character position 
vertical line position 



Returns 



Functions called: 



drawnuffiy erasenum 



ERIC 
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] 



Hame : 



Synopsis: 



whlstleO 



FOMCTIOH DBSCRXFTXOV 



I 




Oesorlptdon: 



TARZABLBS: 



Local: ' 

struct 



sounds sound! parameters for sound 

routine 



Returns : 



Functions called: 



sound 



I 



ERIC 
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Ml M t ■lull MMM I 



] 



FUNCTION DESCRIPTIOV 



Name: 

ZJHSUSL 



Synopsis : 

soo(ii, rawys) 

float s£] X soores 

Int n nuBber of data points 

Int rav[] raw pause tlaes 



I 
I 



Description: 

conpute z scores 



VABIABLES: 
Local : 



float 


a 


float 


b 


float 


0 


float 


d 


Int 


1 



Returns; 



Functions called: 



I 



ERIC 



sqrt 
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FORCTION DESCRIPTION 



Name : 

AfcAfiH.C 

Synopsis: 

alaroiC paral « parB2 , paraS) 
int paral 
int parB2 
int pars3 



Description : 

Sound alanr for time out 

VABIABLES: 
Local : 

struct sounds soundl paramaters for the sound 

routine 



Returns: 



Functions called: 



sound 



57S 
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FONCTIOH DESCRIPTION 



Name : 

AHSISCR,C 



Synapsis : 

ansisorCanslp) 



AMSI *aii8ip pointer to paraseters for soreen display 



I 



Description: 

To provide *loctl" functions using an anal terminal 
interface . 



VARIABLES: 
Local: 

FILE »fp pointer to file defination 

cbar o general usage character 

char olmn column number 

char line line number 

int send 



Heturns: 



Functions called: P"tc 



ERIC 



16«> 



1 

t 

J 



I FDHCTION DESCBIPTIOa 



{ 
Jf 



Name : 



] 
] 
J 
] 
] 

3 
] 
I 
I 
I 
I 
I 

3 



ERIC 



Synopsis : 

otitap(strg,ii) 

cb&r strg pointer to string 

Int length of string 



Description: 

cut unnecessary space(s} or null teroinator(s) in a string 

TABIABLES: 
Local: 

int 1 index into string 



Returns : 



Functions called: 
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FUNCTION DSSCBIPTION 



Name : 








DECIDE. C 






Synopsis: 








deoide^patnCl) 






lot 

• 


1 ; current 


level 


• 


Description: 










according to 


current 


level decides corresponing circular 




recall pattern and assigns appropriate values to fflen and 




crlen 






VARIABLES: 








Global : 








int 




crlen 


length of # of elements in 


Int 




fflen 


length of list that holds len# of 


int 




listlen 


total # of elements in an 








assessment 


int 




prep 


f 


Returns : 



] 




Functions called 
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FORCTIOM DSSCRIPTIOM 



Name : 

fiAHK.C 



Synopsis : 

dravziuB( niuis » Xt y ) 

obar *niui8 string of digits 

Int z borlsontal character position 

lot y Ycrtloal line position 



J 



Description: 

Draw numbers on graphics using graphics characters 



VARIABLES: 



Local: 

struct grphcss grphcsl 



f 

] 

I 
I 
I 



Returns ; 



1 

] 

ERIC 



Functions called: 



grphcs 



] 

] 
] 

i 



FUNCTION DSSCRIPTXOli 



Nase : 

CAHKP.ff 



Synopsis : 

erasenuaC nuas, x, y) 

ohar *nu«8 string of digits 

Int z horizontal obaraoter position 

iot y vertioaX lino position 



i 

I 
I 
I 
I 
I 
I 
I 

Ik 
I 



Description: 

Rewrite graphics numbers In background color 



VARIABLES: 
Local : 

struct grphcss grphcsl 



Returns: 



Functions called: 

grphcs 



ERIC 
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F0NCTION OESC8IPTI0N 



J 
] 
I 

1 
J 



ERIC 



Nane : 



Synopsis : 



f oundCnaBo) 
ohar *najBe 



pointer to student na»e 



Description: 
VARIABLES: 

Global : 

int 



nstud 



# of students 



Returns 



return( -1 ) 



Functions called: 



b_search, Iseek, read 
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FONCTION DESCRIPTION 



] 
J 



Hame : 

n 



Synopsis: 

blt(x1,y1,hitbuf } 
ohar bltbufC] 
int x1 
int y1 



Description: 

Make a sound and display an icon to signify a shop being bit; 
by a rocket 

VABXABLES: 
Local : 

Int x2 adjusted horizontal character 

position 

Int y2 adjusted vertical line position y2 



Returns : 



Functions called; chirp, plthit 



1 



ERIC 
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FONCTXOH DESCBIPTION 



Hame : 



IMTYLS.C 



synopsis : 



InfcvlsO 



Descriptloo: 



VAfilABLES: 



Get clock tick reading to compute Interval of time In tlcka 



r 



Local : 

struct 

Int 

Int 

Int 

Int 

Int 

) 

int 

struct 



podosbs ( 

f unc; 

ax; 

bx; 

cx; 

dx; 

i 

podosbs 



pcdosbl 



Returns 



return(l) 



Functions called: 



podosb 



ERIC 
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FUHCTION DBSCHZPTIOR 



Name : 

JQTPQS.C 



Synopsis : 

iojpoaixtj) 
Int 

Int •j 



Description: 

Get a Joystick reading 



VARIABLES: 



i 



Local: 

int i counter of Idle loop 

int ja x,y position of Joystick 



3 

1 
1 

1 

1 



ERIC 



Returns: 



Functions called: 

joyposr 



I 
) 



I FDNCTIOH DESCBIPTIOM 



Naoe : 

gRTTW n 



Synopsis: 

keyinC ) 



Description: 

to echo off Inappropriate char and output a beep 



VARIABLES: 
tooal: 

char c receive keystroke 



1 
J 

] 

J 
I 
I 
I 

I 

1 

J 

^ 5SS 



Returns : 



return(-l ) 



Functions called: 

getoh, putchar 



FUNCTIOH DESCRIPTIOR 



Name: 



flBAPHfi. C 



Synopsis : 



aapcapf ( napdatp) 
struot «apdats 



'mapdatp pointer to paraaeters for «apoapf 
routlna 



1 
J 
I 
I 
I 
1 
I 

I 



ERIC 



Description 



?ABIABLES: 

Local : 

Int 
int 



i 

scale 



fieturns: 



Functions called 



16»; 



] 

p. 

1 
I 
i 
1 

1 

I 

1 
1 
I 
I 
1 
] 

I 
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FONCTIOH DESCRIPTION 



Nama : 

MOPTPT-C 



Synopsis : 



ohar 


«str 


lot 


n 


int 


Xl 


lot 


x2 


Int 


y 



lengtli of strlns 
horlsontal obaraoter position 
liorlsoatal ond oharacter poall 
▼ertloal lino position 



Desorlptloa: 

to BOdify a string on a certain line w/l range x1,x2 



vabx;blss: 



Looal : 

char o 
int 1 



Returns: 



Functions called: 



iootlsa, keyin, printf, putobar 



5Tnr 
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FDHCTIUA DESCRIPTIOV 


Name : 






PEMPOS_C 






Synopsis: 






p«ii?os(Xvy) 




int *x 






int •j 






Desorlptloo: 






wARIABLES: 






Qlooal s 






int 






Local: 






struct 




PCdOSDS ( 


int 




f unc ; 


int 




ax f 


int 




bx; 


int 




cx f 


int 




UX f 


) 






int 




i 


int 




t1 


int 




t2 


int 




xll 


int 




xl2 


int 




yn 


int 




yl2 


struct 




pcdosbs podosbl 


Returns: 








return(t2 - t1) 






Functions called: 








alariQy 


intvls, pcdosb 



1 

J 

] 
] 



FUNCTION DESCRIPTION 



Nane : 

PLTCHR- CI 



Synopsis: 

pi tolir ( oolor I X, 7 » obr , nag, yaas) 



ehar 


•«lir 


character shape to plot 


Int 


oolor 


color of shape 


Int 


X 


horizontal character position 


lot 


xaag 


X scaling factor 


1st 


J 


vertical line position 


Int 




J scaling factor 



Description: 

Plot a graphics character 



TABIAfiLES: 




Local: 

struct grphcss grphcs parameters for graphics 

routine 



] 
I 
I 
I 
I 
I 

3 



ERIC 



Seturna: 



Functions called: 



grphcs 



' 1 FONCTIOH DESCRIPTION 



] 
] 



Naffle : 

pr.mT.G 



Synopsis : 

pltrkt(oolor»x,7) 

int color color of rocket 

Int X horlsontal character position 

int y vertical line position 



J 
] 

1 

3 
I 
I 
I 

I 

i 

i 



ERIC 



Description: 

Plot a rocket on a graphics screen 



VARIABLES: 



Statio: 

char rkt 
Local : 

struct grphcss grphcsl parameters for graphics 

routine 



Returns: 



Functions called: 



grpbcs 



5.') 3 

16" 



] 
] 
] 
] 
] 
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FONCTION DESCRIPTION 



Name : 

PLTSHP-C 



Synopsis: 

pi t8bp( color yXyy,shp} 

Int color color of rocket 

int X borixontal character position 

Int f yertloal line position 



Description: 

Plot a shop on the graphics screen 

TABIABLES: 

Static: 

char ship 
Local: 

struct grphcss grphcsl parameters for graphics 

routine 



Returns: 



I 



ERIC 



Functions called: 



grphos 
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FONCTIOH DESCRXPTIOlf 



Name : 






roPBP.c 






Synopsis : 






b^sear oh ( na , 1 b 


fUb) binary searob 


char 




pointer to student naae 


int 


lb 


left branch 


lot 

• 


ub 


right branch 


Description : 






TABIABLES: 






Global: 






struct 




student *bufcsp 


struct 




student cs 


int 




sfd student file descriptor 


Local s 






cbar 




fUJ 


obar 




f2[3 


char 




llC] 


obar 




12[3 


int 




i 


int 




k 


mt 




k1 


int 




len 


int 




mid 



] 




Returns: 



returnC b_search<nin,mld+1 , ub) ) return (lb«{-1) ) 
return(mid) /» both full names match •/ 



Functions called 



Iseek, read, strlen, strncmp* tolower 



ERIC 
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F0NC7I0N DESCRIPTION 



Name : 



Synopsis : 

ohirpC paral * parB2 , paraS ) 
int paral 
int parB2 
int paraS 



Description: 

Make a chirping sound 



VAfilABLES: 



Local : 

struct sounds soundl parameters for sound 

routine 



Returns : 



Functions called: 



sound 



5sa 



I FONCTXON DESCRIPTIOlf 



I 

1 • 



Naae : 



Synopsis : 

getoh( ) 



Description: 

replacement for getchar to provide raw Input 



1 
1 



I 

I 
I 

I 



Returns; 



Functions called: 

bdos(0x08) ; 



] 



FONCTION DESCRIPTIOII 



Name : 



Synopsis : 



grphos^ 

ohar o function code 

Int X x-ooordinate 

int y y-ooordinate 
Int oolor 

Int xlr x-ooordinate lower right 

Int ylr y-ooordlnate lover right 



Description: 

VARIABLES: 
Local: 



graphics screen Interface 



xO 


dw 


0 


yO 


dw 


0 


Xl 


dw 


0 


yi 


dw 


0 




dw 


0 


y2 


dw 


0 


color 


dw 


0 


xmagn 


dw 


0 


ymagn 


dw 


0 



Returns: 



Functions called: 



I 



^ 



i FONCTION DESCHIFTION 



Name : 



Synopsis : 

4oyposr_ 



1 

I 

] 

I 

3 

1 

3 



ERIC 



Description: 

reads JOYSTICK and returns x and y on; the Azteo staok. 



TABXABLBS: 

Global : 

int pba_ 
Local : 

int yx 
int cnt 



Returns : 



Functions called 
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1 

9 



FDMCTIOS DESCBIPTION 



Name : 



PCPQSB.A8W 



Synopsis : 



po(losb_ 

struct 

int as 

Int t»x 

int ox 

Int dx 



ax resiater 
bx ragiater 
ox raslatar 
dx regiater 



Oescrlptioo: 



"C* to pcdos bios 10 interface 



Returns: 



Functions called: 



I 



ERIC 
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J 

J 
J 
J 
] 
] 
] 



FDNCTIOM DESCRIPTION 



Name : 



SQggP.Agll 



Synopsis : 



souada^ 
char fuaot 



function ood« 




Oesorlption: 



YABIABLES: 

Local : 

Int 
Int 
int 



square wave sound primitives 



scalel 
scaXe2 
seed 



I 



Returns: 



Functions called: 



I 



ERIC 
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r 



FOKCTZOV DSSC8IPTI0M 



Naao : 



Synopsis; 

vceintf., 
struot 

iot funot function oodo 
ohar *8tPing words to speak 



Oesoriptlos: 

" to assembler function interface using a BASIC funotloi. 
call interface 

TAfilABLESs 
tooal: 

int soalel 
int soale2 
int seed 



Returns : 



Functions called: 



I 



ERIC 



6^2 
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